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ABSTRACT 

The primary purpose of the study was to develop a 
supply/demand ratio for nuclear degree scientists and engineers from 
July 1969 through 1973. The need by private industry and electric 
utilities for scientists and engineers with degrees in disciplines 
other than nuclear science or engineering, as well as for 
technicians, nuclear reactor operators, and nuclear materials 
managers is projected. The hiring practices of industries and 
utilities are related to the education received by the scientists and 
engineers required. The extrinsic and intrinsic factors ur^ed by 
companies and utilities active in the atomic energy field in 
developing technical manpower forecasts, the educational backgrounds 
of currently employed technical personnel, the level of degree work 
of these individuals, and the company and utility activities where 
the majority of the technical personnel work were identified. The 
results indicate a projected surplus of nuclear scientists or 
engineers, especially those with PhD’s. A critical shortage of 
engineering talent is foreseen in the fields of mechanical and 
electrical/electronics engineering, as well as at the technician 
level. (Author/TS) 
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represents, in a graphical but perhaps simplistic way, the relation- 
ship of nuclear science and engineering to the classical science and engineering 
disciplines within the technical environment of industries active in the atomic 
energy field. The five subjects (i.e., fuel cycle analysis, licensing 8 radiation j 
safety, reactor shielding, and safety analysis), listed under the caption "Nuclear 
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Science and Engineering," represent the major job responsibilities of nuclear 
degreed individuals working in the private industry sector of the atomic energy 
field. 
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PREFACF 

This study and its associated research, data collection, and analyses was 
conducted by the American Nuclear Sciiety under a contract for the Division of 
Nuclear Education and Training/U. S. Atomic Energy Commission. The primary purpose 
of the study was to quantify the technical manpower requirements of selected 
sectors of the atomic energy field through 1973. Not included in the study are 
the technical manpower requirements of government-owned-contractor-operated (COCO) 
organizations (commission laboratories and defense production facilities), and 
state and federal services. However, summary employment information and an 
estimated demand for GOCO organizations have been included in the total evaluation. 

The data included in the study represent only technical personnel who spend 
or will spend at least 50% of their working time in atomic energy activities. 

Although the study was designed to project nanpower requirements for scientists, 
engineers, technicians, nuclear reactor operators, and nuclear materials managers, 
it also placed considerable emphasis on the need for nuclear degreed scientists 
and engineers by the sectors of the atomic energy field covered in the study. 

Another important objective of the study was to determine industry’s evaluation 
of the education and training received by their technical employees in relation to 
the actual "on-the-job" requirements of the companies. In other words, are the 
universities giving their students what industry vould consider as an adequate 
and meaningful education? 

The subjective information was obtained from "in-depth" interviews conducted 
with sample companies representing each segment of the private industry sector and 
electric utility sector of the atomic energy field. 



FOREWORD 



This report of "Scientific and Technical Manpower Requirements of Selected 
Segments of the Atomic Energy Field" represents a much needed contribution 
to our understanding of the relationship between the expected needs for 
nuclear trained manpower in selected segments of the atomic energy fie an 
the expected supply of people trained in the various aspects of nuclear 
science and engineering 0 

The main conclusion of the survey is that he expected supply of nuclear 
scientists and engineers will almost meet he expected demand m the near 
future. A greater shortage would be apparent if the requirements in t e 
medical and Federal and state government segments had been surveyed and 
included. If the anticipated rapid expansion of the nuclear power industry 
is realized, the manpower shortage will become even more pronounce • 

The survey was conducted with two limitations. First, it did not cover 
the requirements of medical institutions. Atomic Energy Commission 
laboratories and other government owned contractor operated (.GOCOJi 
establishments, and Federal and state government. However, in order to 
present a more balanced view of manpower needs, an estimate of employment 
in GOCO establishments, based on data from the Bureau of Labor Statistics 
of the Department of Labor, has been included in the summary tabulations. 
This estimate was based on the assumption that GOCO facilities wou no 
expand and that only one-half of their normal attritional losses during the 
period covered by the survey would be replaced. The second limitation was 
that nuclear trained people who spent less than 50% of their time m atomic 
energy activities were nfct counted. Many of these require nuclear training. 
On the manpower supply side, however, essentially the whole was surveyed in 
that practically all colleges and universities with nuclear curricula were 
asked to estimate the number of students to be graduated in the various 
nuclear specialities. Notwithstanding the limitations under which the 
survey was conducted, the data developed are a valuable contribution to 
understanding the interface between supply of and demand for technically 
trained manpower in nuclear areas. 
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PURPOSE AND SCOPE OF THE STiPf 

The primary purpose of the study was to develop a supply/demand ratio for 
nuclear : degreed scientists and engineers for the period extending from July 1969 
through December 31, 1973'. (The study was also designed to obtain)statistical 
information relating to) the projected need by selected sectors of the atomic energy 
field for scientists and engineers with degrees in disciplines other than nuclear 
science or engineering , as well as for technicians, nuclear r=actor operators, and 
nuclear materials managers* Such statistical data can he used n.ot only as a 
quantitative measure of whether or not the educational institutions will be able 
to meet the technical manpower requirements of these sectors or the atomic energy 
field but also by government agencies and other interested organizations to evaluate 
their existing educational programs in light of the anticipated technical manpower 
needs of the electric utilities, educational- institutions and private -Industry sector 
of the atomic energy field. 

The study was also concerned with qualifying the technical manpower requirements 
of private industry and electric utilities by identifying the reasons why these 
organizations hire or do not hire nuclear degreed scientists and engineers, and, 
their evaluation of the education received by nuclear degreed and non-nuclear degreed 
scientists and engineers in relation to their technical requirements. In addition, 
the study was designed to identify not only the nuclear science and engineering 
courses most applicable to the technical requirements of companies and utilities 
active in the atomic energy field but also other existing or new technical or non- 
technical courses that should receive greater emphasis in the training of scientific 
and engineering personnel for employment in the atomic energy field. 

Finally , the- study-attempted to identify the extrinsic and intrinsic factors 
used by companies and utilities active in the atomic energy field in developing 
technical manpower forecasts, the educational backgrounds of their currently employed 
technical personnel, the level of degree of these individuals, and the company and 
utility activities where the majority of their technical personnel work^^' 
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Prior to the onset of the AMS study, it vas generally assumed that the annual 
demand by PRIVATE INDUSTRY , ELECTRIC UTILITIES , and COCO facilities, for scientists 
and engineers with degrees in nuclear science or engineering (or major options in 
some areas of nuclear science), between July 1965' and December 31, 1973, would far 
outweigh the annual supply of these scientific and engineering types by. the educa- 
tional institutions. However, the results of the study showed this assumption to 
be partially incorrect. This is apparent if one looks at the total annual number 
of nuclear degreed scientists and engineers, at all levels of degree, that will 



available for employment between July 1969 ana 



the end of 1973 as projected in this 



study. However, it was previously stated that the initial assumption was only .^ar- 
tlal -ly incorrect. This is because the results of the study show that although the 
overall projected demand for nuclear scientists and engineers, at all levels of 
degree, is greater than the projected supply of these types, the magnitude of the 
demand is less than originally assumed. There is a greater projected supply of 
nuclear engineers with PhD's than projected demand. This is also true in the case 
of nuclear scientists with PhD’s. With regard to nuclear scientists and engineers 
with MS’s and BS’s, the projected demand for these types is only slightly greater 



than the projected supply* r. 

The qualitative results of the study help to explain some of the reasons why 
private industry and the electric utilities do not plan to hire large numbers of 
PhD’s (including nuclear scientists and engineers). Generally speaking, private 
industry and the electric utilities have or are in the process of undergoing a 
transformation from a research orientation to a product development (industry) and 
operational (utilities) orientation which do not require as mudh o^ the special 
ized technical knowledge as is required by pure and applied research endeavors. 



In addition, these organizations have found. 



through experience, that employees 

’ it 



GENERAL FINDINGS 



with PhD’s :;a generally too theoretical and too specialized to adapt to i-a new 
orientation of private industry and the electric utilities. 

Another ' f tnportant finding was that these organizations foresee a critical 
shortage of engineering talent. This shortage will be especially acutte fcu , *he 
fields of mechanical and electrical/electronics engineering. 

In anticipation of this shortage of engineers, these organizations plvvifl to 
hire a greater number of technician-level personnel to assume some of the ^igineer’s 
responsibilities thus freeing the engineer for more productive, creative, and 
profitable endeavors. The problem here is that the demand for technic ian-lf^vel 
individuals will far exceed the supply. 

Generally speaking, the study shows that only certain types of nuclear scientists 
and engineers are needed in substantial quantifies by PRIVATE INDUSTRY, ELEC25RIC 
UTILITIES, and the EDUCATIONAL INSTITUTIONS. The other major employment markets 
for nuclear scientists and engineers; namely, GOCO organizations (commission labora- 
tories, and defense production facilities) and state and federal services, were not 
included in this study. Secondly, that the major problem facing these organizations 
is the projected shortage of classical engineers (i.e., mechanical, electrical, etc.). 
Thirdly, that in addition to an anticipated shortage of engineers, these organizations 
foresee a critical shortage of technician— level individuals. 

Obviously, since the time the data were collected in early 1969, both the supply 
and demand situations have undergone changes which cannot be reflected in this report. 
However, because GOCO facilities constitute the largest employer of nuclear scien- 
tists and engineers, more current demand estimates for this group have been included 
at the request of the AEC in order to reflect as accurate a total evaluation as 
possible. 



LIST OF PLKTirENT ThifTS 



"nuclear degreed" 

.tefers to those Individuals who have racalvad a formal degree In nuclear science 
or engineering. It la also used, in the context of this study, to include those 
individuals who have received a degree in soon other science or engineering dis- 
cipline but took nuclear science or engineering as a major option, (for example, 
a PhD in physics with a major option in nuclear physics.) 

"non-nuclear degreed" 

Refers to those individuals who have received a formal degree in a science or 
engineering discipline other than nuclear science or engineering. It does not 
include those individuals mho received a degree in a science or engineering dis- 
cipline other than nuclear science or engineering but took nuclear science or 



engineering as a major option. 

"sector" 

Refers to an organisational classification of the. atomic energy field. In this 
study, the SECTORS of the atomic energy field are; private industry, electric 
utilities, educational institutions, commission laboratories, defense production fa- 
cilities, federal services, and other government-omned-contract-operated (COCO) 

organizations. 

"segment" 

Refers to the functional classifications of the private industry sector of the atomic 
energy field such as; uranium milling, production of feed materials, production of 
special materials for use in reactors, fuel element fabrication and recovery activities 
reactor and reactor component design and manufacturing, design and englneeri g 
nuclear facilities, power reactor operation and manintenance, radioactive waste dis- 
posal, nuclear instrument manufacturing, processing and packaging of radioisotopes, 
particle accelerator manufacturing, private research laboratories, industrial radio- 
graphy , and miscellaneous. 



LIST OF PERTINENT TERMS 



"current" 



Refers to the year 1969 and, in particular, JULY 1969. 

"ENTIRE, TOTAL, ALL, ETC," 

Wherever these words appear in the context of the report, they refer only to those 
SECTORS of the atomic energy field covered by the study; namely, private industry, 
electric utilities , and educational institutions. 

TIME PERIOD OF THE STUDY 

The study covers only the period of time extending from JULY 1969 through 
DECEMBER 31, 1973. 



ASSUMPTIONS USED IN THE STUDY 

The basic assumption used by the survey participants in preparing estimates of their 
technical manpower requirements for 1970 and 1973 was that the present general 
economic conditions and trends would continue, including government support for 
research and development in nuclear and nuclear-related activities at about the same 
fraction of the gross national product as in the past. Secondly, that the availability 
of trained scientific. and technical manpower at. ail levels of education adequate for 
their needs would be met. ("The present general economic conditions and trends," 
mentioned above, refer to the time at which the study was conducted — July 1969.) 

WHAT THE STUDY PURPORTS TO BF 

The study is but a "broadbrush" attempt to identify the general trends in require- 
ments for technical personnel through 1973 by selected organizations active in the 
atomic energy field. The study was not designed to gather detailed information but 
rather an overview of the technical manpower picture in selected sectors of the atomic 
energy field. Because the study is the first comprehensive attempt to project tech- 
nical manpower requirements of selected sectors of the atomic energy field and. 




WHAf THE STUDY 
PURPORTS TO BE 



since the date are genera Heed, the results should be used only. as a sideline 
or "starting point" iron, which note detailed studies and analyses can begin. 



THE SURVEY''! WPW? PWUFCTH’NR 

The data reported in this study represent the technical manpower projections of 
organizations active in selected sectors of the atomic energy field. The participa- 
ting organizations projected their technical manpower requirements for 1970 and 1973 
based on their current employment statistics and the survey assumptions outlined on 
the preceding page. Beyond the limitations of the assumptions, the respondents 
were free to use whatever manpower planning techniques they normally use in pro- 
jecting their technical manpower requirements. As with most manpower projections, 
confidence in the data decreases the farther one projects into the future. Although 
this study requested projections for only 4>s years, it is felt that the 1973 data 
are probably educated "guesses" and are generally optimistic in their outlook. 
However, it is felt that both the current employment data and the 1970 projections 
are reliable estimates of technical manpower requirements for the surveyed organl- 
zations under the conditions imposed by the assumptions. 

HBITIFI CATION OF THF SECTORS OF THF ATWTC 
B1FRGY FT FIT) CrVFPFD TN THF <Tl®Y 

The ONLY sectors of the atomic energy field covered by the study are the £ 
industry sector, electric util ities sector, and e ducational instituti ons sector. 

NOT INCLUDED in the study are the technical manpower requirements of G 
zations (commission laboratories and defence production facilities) and state and 
federal services. However, estimates of G0C0 employment and demands have been 
included in the total evaluation. In addition, the data reported^ , this study , re^ 
presents only technical person nel who spend or will be required to spend at l^a gt. 
50 % of the dr working time in at omic energy activities. 
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CONCLUSIONS 

Interepread throughout the CONCLUSIONS are the author's opinions and observations 
regarding both the quantitative and qualitative data presented in the report. These 
opinions and observations appear in italics. The reader should not interpret these 
opinions and observations as fact but rather as the opinions and observations the 
author concluded from his many discussions with the respondents. The author’s remarks 
are not intended to influence the conclusions reached by the reader nor to force 
the reader to the author's point-of-view. 



TECHNICAL MANPOWER REQUIREMENTS OF THE 

PRIVATE INDUSTRY SECTOR of the atomic energy field 

-STATISTICAL DATA- 

(Refer to Tables 1 & 2 — Pages 2 & 5) 

1) the technical manpower requirements of the private Industry sector of the atomic 
energy field will grow at a rate of more than 43% between July 1969 and December 

31, 1973. 

2) The private industry sector’s requirements for technicians (including nuclear 
reactor operators and nuclear materials managers) to fill new positions will 
increase by almost 50%; scientists by approximately 42%; and, engineers by nearly 
39% during the period of time extending from July 1969 through December 31, 1973. 

3) Within the technician category, requirements for draftsmen between July 1969 and 
December 31, 1973 to fill new positions will increase by 1,896 followed by physical 
science technicians (758), other engineering technicians (751), and electrical/ 
electronics technicians (737). 

4) Again, within tha technician category, health physics technicians and life science 
technicians show the largest percentage increase between July 1969 and December 31, 
1973 <79% for health physlca technicians and slightly less than 79% for life 
science technicians)* 




Table 1 

PRIVATE INDUSTRY'S CURRENT (1969) EMPLOYMENT OF SCIENTISTS. ENGINEERS AND TECHNICIANS BY OCCUPATIONAL 
CATEGORIES AND A NS PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973. 



(Data include only personnel who spend at least 50% of their working time in atomic energy activities. Data do not include technical 
manpower requirements of the electric power utilities, educational institutions, government -owned -contractor-operated organizations, 
notional laboratories, defense production facilities and federol services.) 



OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ 

DECREASE 


1973 


INCREASE/ 

DECREASE 


PHYSICAL SCIENTISTS 


(12.9) 

3,138 


(12.7) 

3,478 


+340 


(12.3) 

4,305 


+827 


LIFE SCIENTISTS 


(1-6) 

393 


(1.8) 

494 


+101 


(2.0) 

702 


+208 


ENGINEERS 


(40.4) 

9,831 


(40.2) 

10,995 


+1,164 


(38.8) 

13,535 


+2,540 


MATHEMATICIANS 


(1.7) 

422 


(1.7) 

472 


+50 


0-7) 

601 


+ 129 


DRAFTSMEN 


(12.7) 

3,074 


(13.2) 

3,607 


+533 


(14.2) 

4,970 


+1,363 


ELECTRICAL & ELECTRONICS 


(6.7) 


(6.5) 




(6.7) 


+575 


' TECHNICIANS 


1,617 


1,779 


+ 164 


2,354 


OTHER ENGINEERING TECHNICIANS 


(8.6) 


(8.0) 


+ 117 


(8.1) 


+634 


2,090 


2,207 


2,841 




HEALTH PHYSICS TECHNICIANS & 


(1.9) 


(2.2) 


+130 


(2.4) 


+234 


RADIATION MONITORS 


461 


591 


825 


LIFE SCIENCE TECHNICIANS 


(0.6) 

145 


(0.7) 

192 


+47 


(0.8) 

259 


+67 


PHYSICAL SCIENCE TECHNICIANS 


(6.5) 

1,581 


(6.5) 

1,782 


+201 ' 


(6.7) 

2,339 


+557 


OTHER TECHNICIANS 


(5.2) 

1,264 


. (5.2) 
1,415 


: +151 


(5.1) 

1,769 


+354 


NUCLEAR REACTOR OPERATORS 


(1.0) 

234 


(1.0) 

266 


+32 


(0.9) 

300 


+34 


NUCLEAR MATERIALS MANAGERS 


(0.2) 

56 


(0.3) 

76 


+20 


(0.3) 

113 


+37 


TOTALS 


(100.0) 

24,306 


(100.0) 

27,354 


+3,048 


(100.0) 

34,913 


+7,559 
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5) Of all the scientists categories, the life scientists show the largest percentage 
increase (almost 79%) between July 1969 and December 31, 1973. 

6) Of the total number of currently (1969) employed scientists and engineers working 
in the private industry sector of the atomic energy field, about 13% have nuclear 
science or nuclear engineering degrees, 

7) Nuclear engineers comprise the largest number (1,196) of the currently (1969) 
employed nuclear degreed scientists and engineers covered by the survey. 

8) Over 78% of the currently (1969) employed nuclear degreed scientists and engineers 
covered by the survey have advanced degrees while less than 32% of the other 
degreed (non-nuclear) scientists and engineers have advanced degrees. 

9) Between July 1969 and December 31, 1973, 808 nuclear scientists and 1,086 nuclear 
engineers will be required by the private industry sector of the atomic energy 

field to fill new and replacement positions. 

L0) Of these nearly 1,900 nuclear scientists and engineers, the percentage that will 
be hired by each industrial segment of the private industry sector of the atomic 

energy field between July 1969 and December 31, 1973 are: 

Percent Distribution of the Estimated New and 
Replacement Hires of Scientists and Engineers 
with Nuclear Science or Engineering Degrees by 
Each Industrial Segment within the Private 
Industry Sector of the. Atomic Energy Field for 
the Period Extending from July 1969 through 
December 31, 1973 — 



Industrial Segments 
Reactor & Reactor Component Design and Manufacturing 
Private Research Laboratories 
Design & Engineering of Nuclear Facilities 
Fuel Element Fabrication & Recovery Activities 
Processing and Packaging Radioisotopes 
Nuclear Instrument Manufacturing 
Production of Feed Materials 



47.6% 

25.6% 

11.7% 

7.1% 

3.0% 

2 . 6 % 

1.5% 
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Industrial Segments 
Particle Accelerator Manufacturing 
Misce llaneous 



Percent Distribution of the Estimated New and 
Replacement Hires of Scientists and Engineers 
with Nuclear Science or Engineering Degrees by 
Each Industrial Segment within the Private 
Industry Sector of the Atomic Energy Field for 
the Period Extending from July 1969 through 
December 31, 1973 

0 . 6 % 

0.3% 



11) Companies active in uranium milling, production of special materials for use in 
reactors, radioactive waste disposal and industrial radiography activities of the 
private industry sector of the atomic energy field have not hired nor do they 
plan to hire nuclear scientists and/or engineers through 1973. 

-IN-DEPTH INTERVIEWS— 

1) Industry generally believes that although nuclear scientists and engineers 

are quite capable within their field of specialization they are too theoretically 
oriented* 

This criticism will become more apparent in the near future as these organizations 
have begun to hire more nuclear scientists and engineers for operational rather 
than research responsibilities. 

2) Excluding the large nuclear reactor and reactor component manufacturers, companies 
generally hire nuclear scientists and engineers to fill a technological void 
currently existing within their organization. 

By hiring such a specialist, the companies not only fill their technological void 
b „ y . by so doing, the companies are able to compete in the atomic energy field. 
Typically, the nuclear scientist and/or engineer is hired not only to establish 
the company's nuclear capability but also to train the company's ( non-nuclear ) 
technical staff in nuclear technology. 

3) For the companies that hire nuclear degreed individuals, there is an overall de- 
emphasis on the hiring of PhD*s with a corresponding emphasis on the hiring of MS's, 

4) The companies in the industrial segments covered by the survey assume that the 
current rate of production of MS*s will continue and, therefore, do not foresee 
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Table 2 



PRIVATE INDUSTRY’S CURRENT (1969) EMPLOYMENT OF SCIENTISTS AND ENGINEERS 
SCIENCE AND ENGINEERING AND ANS PROJECTIONS OF REQUIREMENTS FOR THESE 

FOR 1970 AND 1973. 



WITH DEGREES IN NUCLEAR 
TECHNICAL PERSONNEL 



(Data include only personnel who spend at least 50% of their working time in atomic energy activities 
manpower requirements of the electric power utilities, educational institutions, government-owned -cor 
national laboratories, defense production facilities ond federol services.) 



. Data do not include technical 
ontroct or -operated orgo ntzat i ons, 



.7 






OCCUPATIONAL categories 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ 

DECREASE 


1973 


INCREASE/ 

DECREASE 


SCIENTISTS (Life & Physical) 


(40.2) 

682 


(40.5) 

835 


+ 153 


(40.1) 

1,108 


+273 


ENGINEERS 


(59.8) 

1,013 


(59.5; 

1,229 


+216 


(59.0) 

1,595 


+366 


TOTALS 


(100.0) 

1,695 


(100.0) 

2,064 


+369 


(100.0) 

2,703 


+639 
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any difficulty in filling their need for m clear scientists aud engineers in 
the nea7r future. 



5) In the educational training of nuclear engineers, the companies would like the 
educational institutions to place more emphasis on reactor fuel technology, 
reactor materials, reactor design and analysis, fuel^cycle management, fuel- 
cycle analysis, control theory, systems engineering, and radiochemistry. 

6) The overwhelming opinion of the interviewed colonies was that the BS degree 
in nuclear engineering typically results in an individual with "tunnel vision" 



who, because of his specialization too early in his career, becomes inflexible 



I 







and ^pigeonholed" in the company. 

The companies normally hire BS nuclear engineers for what they cart do for the 

i t0day ’ And * un ^ e f e this individual mas managerial potential or broadens 
h o^^o7islSreT er d^inefhU advancement withZT ST 



There are many companies which do rot really IZhow what a nuclear engineer does. 
Furthermore, there are many companies which brieve they can adequately compete 
in the nuclear field with their existing staff. 



8 ) 



t - { f shortsighted when one considers the increasing demand for more 

sophisticated products , materials , and services in the atomic enerqy field Moi 
them ever before . , the demand for these products . , materials/ arS slices whi rl 
quire the very specialized knowledge offered by nuclear scientists and engineers 

The interviewed companies are relatively confident about the future supply of 



scientists in general. However, the vast majority of the interviewed companies 
are quite pessimistic concerning the future supply of engineers (i.e., mechanical 
electrical, etc.). 



9) The companies would encourage the universities to keep "up-to-date" on the 

latest technologies by incorporating immediate coverage of these new develop- 
ments in their classical scientific and engineering curriculums. 

10) Probably the most urgent problem confronting private industry is the shortage 
of qualified technicians. With the anticipated shortage of engineers, the 
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companies want to hire more technicians so as to relieve their engineers for 
mora productive and profitable endeavors. 

TECHNICAL MANPOWER REQUIREMENTS OF THE FLF.CTRIC 

UTILITIES SECTOR of the atomic energy field 

-STATISTICAL DATA- 

(Refer to Tables 17, 18, & 19 — Pages 8, 9 , & 10) 

1) The technical manpower requirements of the electric utilities will grow at an 
overall rate of 181% between July 1969 and December 31, 1973. 

2) The average number of personnel per nuclear generating plant is about 78 (based 

the 1973 manpower estimates for 96 nuclear power plants in operation by 1977) 
Of these 78 employees per plant, 51 will work at the plant site while the re- 
fining 27 employees will be part of the utilities' central office staff. 

3) Of the 78 employees per plant, 87% working at the plant site will have no 
degrees while 76% working at the central office will have formal degr e e s 

(based on the 1973 employment estimates). 

A) Between July 1969 and December 31, 1973, personnel working at the plant site 
will increase by 288% (3,629). The central office staff will increase by 85% 
(1,176) during the same time period. 

5) As a utility system builds additional nuclear power-plants, personnel working 
at the plant site increase while the central office staff remains relatively 

constant. 

6) By December 31, 1973, there will be 1 senior reactor operator (supervisory 
position) for every 2.3 reactor operators (operating position) . 

7} The electric utilities are planning to hire 938 technician- level personnel 

between July 1969 and December 31, 1973. They are also planning to hire 2,582 
"other" people who, although not considered as professional technicians, will 
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ELECTRIC POWER UTILITIES 
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ELECTRIC POWER UTILITIES - 
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receive "w**" nuclear training prior to their plant assignment. (These 
"other” rfa „2 £b do not include clerks, secretaries, guards, etc.) 

8) There retai l He a significant increase, percentagewise, in the number of 
scientist? the utilities plan to hire between July 1969 and December 31, 1973. 

9) Between: Hefty 1969 and December 31, 1973, the electric utilities are planning 

to hire si fcastal of 413 nuclear scientists and engineers to fill new and re- 
placement positions. Of these 413 individuals, 52 will be nuclear scientists 
and 361 !be nuclear engineers. By December 31, 1973, nearly 54% of these 

nuclear dentists and engineers will have only BS degree*. 

-IN-DEPTH INTERVIEWS— 

1) The electric utilities that do not now have ft nuclear power plant are taking 
a "wait and see" attitude regarding the performance, economics, and social 
considerations of nuclear power plants now being built or in operation. 

2) In forecasting their long-range technical manpower requirements, the electric 
utilities place considerable emphasis on what the "state or the art of the 
utility iE 222 £ 3 try will bvi in the future# 

3) When hiring a man to meet their short-range manpower requirements, the utilities 
look for the individual who has had the necessary experience to fill the utility’s 
technical need today. However, when the utilities hire an individual to fill a 
long-range manpower need, they tend to hire the man for his potential usefulness. 

4) The electric utilities have had and will continue to have difficulty in hiring 
enough engineers to meet their requirements. In particular, there will be a 
shortage of mechanical engineers and engineers experienced in quality control 

engineering. 

5) The electric utilities believe it is unfortunate that there are only a few courses 
(graduate) in the classical engineering curriculums specifically designed for the 
power iafiSS&Jfcry* 



CONCLUSIONS 

6) Although the interviewed electric utilities indicated they would like their 
.degreed (non-nuclear) scientists and engineers to have some background in 
nuclear technology, they prefer to have these employees take short or semester 



nuclear courses only after they have worked at the utility for a period of time. 

7) Nearly 60% of the interviewed electric utilities have been quite successful in 
filling their needs for nuclear scientists and engineers. 

8) The electric utilities have increased their requirements fer nuclear degreed 
individuals during the past five years primarily because of: 

a. the construction of nuclear power plants, 

b. increased nuclear power plant construction and 
operation requirements of Federal regulatory 
agencies » and 

c. an increased awareness of the technical 
benefits the nuclear engineers bring to 
the utility. 

9) The electric utilities favor hiring nuclear engineers from schools that have 



training reactors. 

10) In general, the electric utilities would like nuclear engineers to have more 
coursework in quality control and quality assurance. Furthermore, at the BS 
level, the nuclear engineer seems to be weak in fluids, heat transfer and 
strength of materials technologies. 

11) There are still quite a few utilities that are unwilling to pay competitive 
salaries for qualified professional employees. 

12) With regard to the hiring of technician-level personnel, one of the major 
problems facing the utilities is the wage and hourly union agreements which 
have limited the utilities* ability to bring in experienced and skilled 




personnel at company levels higher than what a typical union employee would 
be brought in at. 
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CONCLUSIONS 



13) The electric utility industry must create a better image oj itself if it expects 
to attract quality people. The utility industry will have to compete for top . 
college talent , which it desperately needs , by offering exciting and challenging 
work and an opportunity to contribute to the social and community problems cur- 
rently plaguing the electric utilities. 



TECHNICAL MANPOWER REQUIREMENTS OF THE iTHCATIHNAL 

INSTITUTION SECTOR of the atomic energy field 

-STATISTICAL DATA- 

(Refer to Tables 25, 26, 27 & 28 — Pages 14, 15, 16, & 17) 

1) The rate of growth of technical manpower requirements at the educational 
institutions between July 1969 and December 31, 1973 is 34.4%. 

2) The universities are planning to place more emphasis on both the teaching of 
and the research and development in nuclear engineering, health physics, 
radiation applications, and radiation biology. 

3) Based on the assumption that all new and replacement positions (nuclear 
science and engineering faculty, research and development personnel and 
nuclear facilities personnel) at the universities will be filled with only 
nuclear degreed scientists and engineers, there will be a total demand of 
1,392 nuclear scientists and 408 nuclear engineers between July 1969 and 
December 31, 1973. 

4) Almost 95% of the nuclear science and engineering faculty will have PhD s 
by December 31, 1973. 

5) Between July 1969 and December 31, 1973, the universities will need an 
additional 625 scientists, 205 engineers, and 138 technicians to fill new 
positions. (Nuclear science and engineering faculty, research and development 

personnel and nuclear facilities personnel.) 

6) Requirements for the educational institutions' nuclear facilities staff will show 
the largest percentage increase between July 1969 and December 31, 1973 (36%) 
followed closely by faculty (35%) , and research and development personnel (33%). 
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EDUCATIONAL INSTITUTIONS 
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Totals by time period 



CONCLUSIONS 

CURRENT AND ANS PROJECT OUTPUT , BY THE EDUCATIONAL INSTITUTIONS, OF SCIENTISTS AND 
ENGINEERS WITH DEGREES IN NUCLEAR SCIENCE AND ENGINEERING 

1) Between July 1969 and December 31, 1973, student enrollments in coursework 
leading to degrees in nuclear science and engineering will increase by almost 53%. 

2) Percentagewise, student enrollments in radiation biology, thermonuclear physics, 
nuclear and radiation chemistry, reactor engineering, and other nuclear engineer- 
ing disciplines show the largest increases of the 9 nuclear science and engineer- 
ing disciplines listed in the survey questionnaire* 

3) Between June 1969 and December 31, 1973, student enrollments in coursework 
leading to a BS degree in nuclear science or engineering show the greatest 
percentage increase (57%). Numerically, however, the largest increase is 
for students enrolled in PhD programs. 



ANS ESTIMATES OF THE ANNUAL SUPPLY OF GRADUATING NUCLEAR SCIENTTSTS AND ENGINEERS WO 
WILL BE AVAILABLE TO WORK IN THE ATOMIC ENERGY FIELD 



1 ) 



2 ) 



3) 



Slightly more than 3.5% of the students annually enrolled in nuclear ngineering 
degree programs will graduate and be available from employment in the atomic 
energy field. 

More than 19% of the students annually enrolled in nuclear science degree 
programs, or pursuing major options in nuclear science, will graduate and be 
available for employment in the atomic energy field. 

During the period extending from July 1969 through December 31, 1973, 5,367 
nuclear science and engineering graduates will be available for employment in 
the atomic energy field. Of these 5,367 graduates, 2,080 will be nuclear 
engineers and 3,287 will be nuclear scientists. 

The average annual number of graduating nuclear science and engineering students 
who will be available for employment in the atomic energy field is 1,073 
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4 ) 



CONCLUSIONS 



(based on 5 acad emi c years). Of these 1,073 nuclear science and engineering 
graduates each year, 416 will have nuclear engineering degrees and the 
remaining 657 will have nuclear science degrees or major options in nuclear 
science. 

5) Of the yearly 1,073 graduating nuclear science and engineering students who 
will be available for employment in the atomic energy field, 573 will have 
PhD's, 295 will have MS's, and 205 will have BS's. 

COMPARISON OF THE EDUCATIONAL INSTITUTIONS* SUPPLY OF NUCLEAR DEGREED SCIENTISTS AND 
ENGINEERS AND THE DEMAND FOR THESE TYPES BY THE PRIVATE IMXJSTR'ii ELECTRIC UTILITIES, 
AND THE EDUCATIONAL INSTITUTIONS SECTORS OF THE ATOMIC ENERGY FIELD 

(Refer to Tables 29 & 30 — — Pages 20 & 21) ,‘j.' *• 

1) The growth in requirements by the private industry, electric utilities, and 
educational institutions sectors of the atomic energy field .for nuclear scientists 
and engineers between July 1969 and December 31, 1973 is about 53%. During this 
same time period, the growth in requirements for nuclear scientists is 46% 

while the growth in requirements for nuclear engineers . is 62%. 

2) There are more nuclear scientists and engineers graduating than there are 
available jobs for these types at electric utilities,; educational institutions, 
and companies active in the private industry sector of the atomic energy field. 
This difference is even more pronounced for nuclear scientists with PhD's. 

3) The requirements of the private industry, electric utilities, and educational 
institutions sectors of the atomic energy field for nuclear engineers with MS's 
are greater than the estimated supply of these types by the educational 
institutions from July 1969 through December 31, 1973. 
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APPARENT SUPPLY-DEMAND DIFFERENCE 



CONCLUSIONS 



4) Under normal circumstances* the commission laboratories , defense production fa- 
cilities, federal services , and other govemment-oxmed-contractor-operated 
organizations have been, the primary source of employment for nuclear scientists 
and engineers . However, because of the large government cutbacks in both research 
and operational appropriations, these employment markets, at least in the near 
future, will no longer constitute the major employment market for nuclear 
scientists and engineers . let alone scientists and engineers in general . 

5) Furthermore, because of these government cutbacks, the commission laboratories 
have or are in the process of laying-off some of their technical employees thus 
placing a large number of experienced individuals in the employment market . It 
it these experienced individuals who will temporarily affect the employment 
opportunities of nuclear science and engineering graduates in the atomic energy 
field . 



DEMAND FOR SCIENTISTS/ ENGINEERS/ AND TECHNICIANS 
IN SELECTED SECTORS OF THE ATOMIC ENERGY FIELD 

(Refer to Table 36 — Page 24) 

1) Between July 1969 and December 31, 1973, the private industry, electric 
utilities and educational institutions sectors of the atomic energy field 
will require additional technical manpower at a growth rate of about 49%. 

2) For the three sectors of the atomic energy field included in the survey, require- 
ments for technicians to fill new positions will be greater than requirements 
for scientists or engineers. 

3) The three sectors of tbs. Atomic energy field included in the survey are 
generally de- emphasizing. the employment of PhD*s while correspondingly in- 
creasing the number of BS f s they plan to hire. This situation is true whether 
or not the individual has his degree in nuclear science or engineering. 

4) The total technical manpower requirements of the atomic energy field including 
those sectors of the field not covered in the ANS survey but for which 
approximate employment projections were made by the ANS for the period extending 
from July 1969 through December 31, 1973 are 26,078. These technical manpower 
estimates are for new positions only. Of the estimated 26,078 individuals, 
11,861 will be technician- level individuals. 







CONCLUSIONS 



5) To fill not only new positions but also replacement positions, the atomic 
energy field will need about 67,369 scientists, engineers, and technicians 
between July 1969 and December 31, 1973. 
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TECHNICAL MANPOWER REQUIREMENTS OF SELECTED 
PRIVATE INDUSTRIES ACTIVE IN THE ATOMIC ENERGY FIELD 



RELATING THE RESULTS OF THE ANS SURVEY TO THE HISTORICAL DATA 
PROVIDED BY THE BUREAU OF LABOR STATISTICS' "ANNUAL SURVEY OF 
SCIENTIFIC AND TECHNICAL EMPLOYMENT IN THE ATOMIC ENERGY FIELD" 

Since the BLS "Annual Survey of Employment in the Atomic Energy Field" provides 
the largest set of historical data available on employment in the atomic energy 
field, at attempt was made to relate the results of the ANS survey to that data. 

Within each economic or functional segment (as defined by the Bu.reau of Labor Statis- 
tics - BLS), an attempt was made to select representative large, medium, and small- 
sized companies with a total number of technical employees of at least 50% of the 
total number of technical employees reported by all privately owned companies in 
the 1967 BLS survey. A total of 68 organizations were interviewed (70 companies 
were contacted). Nine of these 68 organizations are electric power utilities that 
have or are planning to have a nuclear power plant in operation by 1976. The results 
of these 9 interviews are presented in the section of this report entitled "Technical 
Manpower Requirements of the Electric Power Utilities." Of the remaining 59 companies 
5 organizations were interviewed which were not in the 1967 BLS survey. These 5 
companies were chosen because of their future growth potential in the atomic energy 
field as evaluated by the staff of the American Nuclear Society. Therefore, the 
data to be reported in this section were based n a sample of 54 companies active 
in the private sector of the atomic energy field. 

Data presented in this section of the report represent the results of the 
extrapolations, on a segment-by-segment basis, of the data provided by the sample 
companies to the total universe (the total number of companies reporting to the 
annual BLS survey) . The extrapolations were based on a weighed average of the 
percentage of the total number of scientists, engineers, and technicians reported 



RELATING THE RESULTS OF THE 
ANS SURVEY TO BLS STATISTICS 

by the sample companies to the BLS to the total number of scientists, engineers 
and technicians reported to the BLS by all companies responding to the 196 -*-967 , 

and 1968 BLS surveys. 

Neither the data collection activities nor statistical extrapolations were 
made for the BLS segment entitled "Power Reactor Operations and Maintenance." 

This segment was covered as a separate ANS study because: the current and projected 
manpower requirements for all electric power utilities that have or are planning 
to have a nuclear power plant In operation by 1977 was obtained from the more 
recently completed Rossin-Voigt study. 

The ANS did, however, conduct a total of 9 in-depth interviews with a select 
sample of electric power utilities. For these 9 interviews, only the qualitative 
questions of the in— depth interview were asked and the summation of these inter- 
views is presented in the section of this report entitled "Technical Manpower Re- 
quirements of the Electric Power Utilities." 

When the ANS attempted to tie its data into the historical BLS data, the 
resulting ANS 1969 data were, in total, only 1.1% greater than the 1969 data re- 
cently released by the BLS. Significant variations, however, appeared in certain 
categories as can be seen from the following comparison: 

1969 TECHNICAL MANPOWER IN SELECTED SEGMENTS 
OF THE ATOMIC ENERGY FIELD - PRIVATE SECTOR ONLY 



Category 


ANS Extrapolated 
Data 


BLS Data 


ANS /BLS 
Difference 


% Difference 


Scientists 


3,953 


2,475 


+1,478 (ANS) 


37.4% 


Engineers 


9,831 


11,293 


+1,462 (BLS) 


12.9% 


Technicians 


10,522 


10,278 


+ 244 (ANS) 


2.3% 


TOTALS 


24,306 


24,046 


+ 260 (ANS) 


1.1% 
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RELATING THE RESULTS OF THE 
ANS SURVEY TO BLS STATISTICS 



The magnitude of the differences between the two reports varies between segments 
(i.e.. Uraniu m Milling) and, within each segment, between the number of scientists, 
engineers, and technicians. However, it is interesting to note how close the two 
surveys are in their overall totals . 

The differences between the 1969 ANS projected data and the 1969 BLS actual 
reported data can perhaps best be explained by the fact that the individuals in- 
terviewed by the ANS were probably not the ones who would ordinarily have completed 
the BLS questionnaire and therefore there was some difference in interpretation of 
definitions and segments used in the surveys. These differences in numbers are not 
considered significant insofar as the accuracy of the ANS survey is concerned. 

What the reader should direct his attention to is the iden tifi ca ti on of the fieneral 
trends in future tech ni f ' ll manpower requirements of the atomic en ergy .f fg.ld^_ 

PRESENTATION OF STATISTICAL DATA FOR PRIVATE INDUSTRY'S 
MANPOWER REQUIREMENTS (EXCLUDING ELECTRIC UTILITIES) 

Tha data, extrapolated from the sample companies to the entire universe 
(private sector) for 1969, 1970, and 1973, are presented in Table 1. (The man- 
power data represents only those employees who spend at least 50% of their working 
time in atomic energy activities.) Subtotal data are presented for each of 13 
occupational categories. The overall ANS projected growth of manpower in the 
private sector of the atomic energy field between July 1969 and December 31, 1973 

is 43.6%. 

Percentage increases projected by ANS between July 1969 and December 31, 1973 
for each of the listed occupational categories are: 
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STATISTICAL MANPOWER REQUIREMENTS 
DATS POR PRIVATE INDUSTRY 

Numerical Increase 

% Increase Between July 1969 Between July 1969 
Occupational Categories and December 31, 1973 ( 1 ) and Decembe r 31, 1973 



Nuclear Materials Managers 


101.8% 


57 


Health Physics Technicians 
& Radiation Monitors 


79.0% 


364 


Life Scientists 


78.6% 


309 


Life Science Technicians 


78.6% 


114 


Draftsmen 


61.7% 


1,896 


Physical Science Technicians 


47.9% 


758 


Electrical/ Electronics 
Technicians 


45.6% 


737 


Mathematicians 


42.4% 


179 


Other Technicians 


40.0% 


505 


Engineers 


37.7% 


3 , 704 


Physical Scientis ts 


37.2% 


1,167 


Other Engineering Technicians 


35.9% 


751 


Nuclear Reactor Operators 


28.2% 


66 


TOTALS 


43.6% 


10,607 



(1) Percentage increases throughout the report are based on a 4^ year time period 
(July 1969 - December 31, 1973). 

Although engineers and physical scientists rank first and third with the 
numerically largest Increases , they rank only tenth and eleventh in terms of 
percentage increase between 1969 and 1973* It is interesting to note that 3 of 
the top 4 occupational categories, ranked by percent increase, are related to the 
life sciences* The significance of this finding is probably related to the in- 
creased awareness, on the part of private industry, of radiation safety, thermo- 
pollution and other environmental considerations. 
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Tab's 1 

PRIVATE INDUSTRY'S CURRENT 0969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL 
CATEGORIES AND ANS PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973. 

(Data include only personnel who spend ol least 50% of their working time in atomic energy activities. Data da not include ‘echnieal 
: „f the electric oower utilities, educational institutions, government -ow ned -contract or -operated orga n rzat .or.s. 



OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ 

DECREASE 


1973 


INCREASE/ 

DECREASE 


PHYSICAL SCIENTISTS 


(12.9) 

3,138 


(12.7) 

3,478 


+340 


(12.3) 

4,305 


+827 


LIFE SCIENTISTS 


(1.6) 

393 


(1.8) 

494 


+ 101 


(2.0) 

702 


+208 


ENGINEERS 


(40.4) 

9,831 


(40.2) 

10,995 


+1,164 


(38.8) 

13,535 


+2,540 


MATHEMA iTCIANS 


(1.7) 

422 


(1.7) 

472 


+50 


(1.7) 

601 


+ 129 


DRAFTSMEN 


(12.7) 

3.074 

* 


(13.2) 

3,607 


+533 


(14.2) 

4,970 

1 


+1,363 


ELECTRICAL & ELECTRONICS 
TECHNICIANS 


(6.7) 

1,617 


(6.5) 

1,779 


+162 


(6.7) 

2,354 


v-575 


othfr engineering TECHNICIANS 1 


(8.6) 

{ 2,090 


(8.0) 

2,207 


+ 117 


(8.1) 

2,841 


0-/0/ 


HEALTH PHYSICS TECHNICIANS & 
RADIATION MONITORS 


| (1.9) 

461 


(2.2) 

‘91 


+130 


(2.4 

825 


+234 


LIFE SCIENCE TECHNICIANS 


(0.6) 

145 


(0.7) 

192 


+47 


(0.8) 

259 


+67 


PHYSICAL SCIENCE TECHNICIANS 


(6.5) 

1,581 


(6.5) 

1 ,782 


+201 


(6.7) 

2,339 


+557 


OTHER TECHNICIANS 


(5.2) 

1 ,264 


(5.2) 

1,415 


+ 151 


(5.1) 

1 ,769 


+354 


NUCLEAR REACTOR OPERATORS 


0.0) 

234 


(1.0) 

266 


+32 


(0.9) 

300 


+34 


NUCLEAR MATERIALS MANAGERS 


(0.2) 

56 


(0.3) 

76 


+20 


(0.3) 

113 


+37 


TOTALS 


(100.0) 

24,306 


(100.0) 

27,354 


+3,048 


(100.0) 

.14,913 


+7,559 
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- Number of Scientists, Engineers and Technicians - 



Chart 1 

EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY PRIVATE INDUSTRY FOR EACH YEAR EXTENDING FROM 
1963 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF THE TECHNICAL 
MANPOWER REQUIREMENTS OF PRIVATE INDUSTRY FOR 1969, 1970 AND 1973. 
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STATISTICAL MANPOWER REQUIREMENTS 
DATS FOR PRIVATE INDUSTRY 






The percent increases projected by ANS between July 1969 and December 31, 1973 
for occupational categories consolidated into 3 broad categories of scientists, 
engineers, and technicians are: 



Occupational Categories 



% Increase Between July 1969 
and December 31 . 1973 



Technicians (includes 
draftsmen, nuclear reactor 
operators and nuclear materi- 
als managers) 

Scientists (includes mathema- 
ticians 



49.9% 



41-9% 



Numerical Increase 
Between July 1969 
and December 31 « 1973 

5,248 



1,655 

3,704 



I O 
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Engineers 37 . 7 /* 

Chart 1 represents the actual historical BLS technical manpower data 
(1963-1968) for selected segments of the atomic energy field (electric utilities 
excluded) and ANS projections of technical manpower requirements through 1973. 
Although each of the 3 categories shows an increase between 1969 and j. 973, require- 
ments for technicians will be greater than for engineers. This has not been 
historically true and the change may reflect the transition of the atomic energy 
field from an orientation of research and development to product development. 

Il: such a transition is taking place, one would not expect to see such a large 
increase in scientists. However, with the increased concern over environmental 
its technical capability with a co solving these problems. 

Table 2 shows the number of currently (1969) employed scientists and engi- 
neers who have degrees in nuclear science and engineering and the requirements 
of private industry for these types in 1970 and 1973 as determined by the ANS 
survey. Private industry's requirements for scientists with nuclear degrees will 
increase by 62.5% between July 1969 and December 31, 1973. Approximately 95 
nuclear scientists will be needed each year to fi^l new positions. Requirements 
for nuclear engineers will increase by 57.5% during the same period. About 129 



STATISTICAL MANPOWER REQUIREMENTS 
DATA FOR PRIVATE INDUSTRY 

nuclear engineers will be needed to fill new positions each year. 

The breakdown of all currently (1969) employed scientists and engineers 



by educational background, is presented in Chart 2. Percentages of currently 
employed scientists and engineers with a particular educational background to 
the total number of currently employed scientists and engineers are as follows: 



Educat ional Background 


% of Currently Employed 
Scientists or Engineers 


Number of Currently 
Employed Scientists 
or Engineers 


Me chani ca 1 Eng ine er ing 


28.2% 


3,775 


Electrical/Electronics 

Engineering 


13.2% 


1,772 


Physics 


9.2% 


1,223 


Nuclear Engineering 


9.0% 


1,196 


Chemical Engineering 


8.8% 


1,170 


Chemistry 


7.9% 


1,054 


^ther Engineering Disciplines 


6.0% 


800 


Metallurgical Engineering 


4.5% 


598 


Civil Engineering 


3.5% 


466 


Metallurgy 


2.5% 


338 


Nuclear Physics 


2.0% 


267 


Other Sciences 


2.0% 


265 


Biology 


0.9% 


120 


Nuclear and Radiation Chemistry 


0.7% 


93 


Geology & Geophysics 


0.6% 


86 


Health Physics 


0.6% 


84 


Other Nuclear Degrees 


0. 2% 


32 


High Energy Phsycis 


0.2% 


23 


TOTALS 


100.0% 


13,362 
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STATISTICAL MANPOWER REQUIREMENTS 
DATA FOR PRIVATE INDUSTRY 

Scientists and engineers with nuclear science and engineering degrees comprise 
12.7% (1,195) of the total number of currently employed scientists and engineers. 
(The cover of this report presents a graphic representation of the distribution 
of the currently employed scientists and engineers working in the private sector 
of the atomic energy field by educational backgrounds.) 

Chac£ 3 shows the breakdown cf the currently employed scientis t end engi- 
neers by level of degree, for both degreed (non-nuclear) and nuclear degreed 
personnel. Of the currently employed nuclear degreed scientists and engineers, 
21.9% have BS's; 53.4% have MS’s; and, 24.7 % have PhD's. Of the other degreed 
(non-nuclear) personnel currently employed by private industry, 68.1% have BS's; 
23.4% have MS's; and, 8.5% have PhD's. For nuclear degreed scientists and engi- 
neers, the companies seem to prefer MS-level graduates while for the other degreed 
(non-nuclear) scientists and engineers the preference apparently is for BS-level 
graduates . 

There is a difference of 147 people between the total number of degreed 
personnel (13,215) and the total number of scientists and engineers listed by 
educational backgrounds (13,362). This disparity is due to the fact that these 
147 individuals do not have college degrees but, based on their training and 
experience, are considered to be equivalent to degreed personnel. Therefore, of 
the total staff of scientists and engineers currently employed by private indv"*try, 
1.1% do not have academic degrees but through training and experience are assigned 
job responsibilities equivalent to degreed individuals. 

The annual requirements by private industry for nuclear degreed scientists 
and engineers between July 1969 and December 31, 1973 to fill new positions are. 



Tab le 2 

R c l ^ J t TE ,NDUSTRY,S CURRENT 0969) EMPLOYMENT OF SCIENTISTS AND ENGINEERS Y/ITH DEGREES IN Nirri fad 
SCIENCE AND ENGINEERING AND ANS PROJECT, ONS OF REQUIREMENTS FOR THESE TECH mCAL PERSONNEL 

FOR 1970 AND 1973. 

(Data include only personnel who spend at Ud cn^ *u~; r , . 

, . , P 0 * ,east of the,r working ti me in atomic energy activities. Dora do not include techniral 

na t i o n \aboralorjes, defense p “doTtionTc 3 ° Vernmen, -° w " ed -contractor -operated otganfrai ions. 



OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ | 
DECREASE 


1973 


INCREASE/ 

DECREASE 


SCIENTISTS (Life & Physical) 


(40.2) 

682 


(40.5) 

835 


-H53 


(40.1) 

1,108 


+273 


ENGINEERS 


(59.8) 

1,013 


(59.5) 
J ,229 


+216 


(59.0) 

1,595 


+366 


TOTALS 


(100.0) 

1,695 


(100.0) 

2,064 


•369 


(100.0) 

2,703 


+639 
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Science or ineering Disciplines 



— Number of Scientists and Engineers — 




— Nu r .iber of Scientists ond Engineers*by Level of Degree - 

(Doto include only scientists and engineers who spend at least 50 % of their working time in atomic energy activities. Data do not include scientists ond engineers 
currently (1969) employed of the electric power utilities, educational institution^, ">overnment«owned*contractor-operatcd organisations, national laboratories, defense 

production facilities and federa'J services.) 



O 




Chart 3 

BREAKDOWN OF NUCLEAR. DEGREE AND DEGREE (NON-NUCLEAR) SCIENTISTS AND ENGINEERS, BY LEVEL OF DEGREE. 

CURRENTLY (1969) EMPLOYED BY PRIVATE INDUSTRY. 




STATISTICAL MANPOWER REQUIREMENTS 
DATA FOR PRIVATE INDUSTRY 
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ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED 
PERSONNEL TO FILL NEW POSITIONS 



Year 



S cientists_ 

51 

102 

91 

91 

91 



Engineers 

72 

144 

122 

122 

122 



1969 (6 mo.) 

1970 

1971 

1972 

1973 

To arrive at the total technical manpower requirements of private industry 

for nuclear degreed personnel, allowance •' for attrition must be included in 

addition to requirements to fill new positions. ^Allowances f° r attrition to be 

( 2 ) 

used throughout this report are: 8.4% for scientists and 7.6% for engineers .) 





Year Growth 


Replacement 


o 

Total 


Growth 


Rep lacement 


Total 




1969 (6 mo.) 


51 


57 


108 


72 


77 


149 




1970 


102 


70 


172 


144 


93 


237 




1971 


91 


77 


168 


122 / 


102 


224 


- 


1972 


91 


85 


176 


122 


111 


233 


li- 


1973 


91 


93 


184 


12!c- 


121 


243 




TOTALS 


426 


382 


808 


582 


504 


1,086 


ft 

?5. 


Average Annual 












fr 

ft' 

it 


Incremental 














Requirements 
(4^ yrs.) 


94.7 


84.9 


179.6 


129.3 


112.0 


241.3 



Between July 1969 and December 31, 1973, a total of 1,894 nuclear degreed person- 
nel will be required by the private sector of the atomic energy field for new 
and replacement positions s total requirement averages out to an annual 

need of about 421 nuclear degreed scientists and engineers. 

(2) "Pro lections Manpower Supply in a Specific Occupation,'' Neal Rosentham, 

Monthly Labor Review, Nov. 1966, U.S. Dept, of Labor, Bureau of Statistics 
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STATISTICAL MANPOWER REQUIREMENTS 
DATA FOR PRIVATE INDUSTRY 



Further statistical analyses and the summation of the in-depth interviews 
will be covered for each of the 13 functional segments of the private sector 
of the atomic energy field* The "Power Reactor Operations and Maintenance" 
segment will be described in the section of this report entitled "Technical Man 
power Requirements of the Electric Power Utilities." 
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Uranium Milling 



BLS Segment Definition — Reduction of uranium ores to concentrates for further 

processing as feed materials 

PRESENTATION OF STATISTICAL DATA 

In 1968, the interviewed companies employed 16.4% of all engineers, 35.9% 
of all scientists and 28.0% of all technicians working in the uranium milling 
segment as reported by the BLS. The historical BLS data for scientists, engineers 
and technicians working in the uranium milling segment are given below: 

Historical BL S Data (1963 — 1968 ) 



Year 


Scientists 


Engineers 


Technicians 


Tota. 


1963 


49 


169 


138 


356 


1964 


27 


133 


113 


273 


1965 


26 


129 


105 


260 


1966 


22 


146 


129 


297 


1967 


82 


134 


136 


352 


1968 


64 


61 


82 


207 



Data provided by the sample companies and extrapolated by the ANS to the 
entire uranium milling segment for 1969, 1970 and 1973 are presented in Table 3. 

The overall growth of technical manpower requirements for the uranium milling seg- 
ment of the atomic energy field, between July 1969 and December 31, 1973, is 26.3%. 

The percent increases between July 1969 and December 31, 1973 for each of the 
listed occupational categories are: 



Occupational Categories 

Life Scientists 

Health Physics Technicians 
& Radiation Monitors 



Numerical Increase 

% Increase Between July 1969 Between July 1969 

and December 31. 1973 and December 31, 1973 



500.0% 

182.4% 



10 



~ 39 " 



59 



31 



Table 3 

~ URANIUM MILLING - 

CURRENT (196V) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS 

PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973. 

(Data include only personnel employed by pr ivate |y-owned companies active in uranium milling who spend at least 50% of their work- 
ing time in atomic energy activities.) 



OCCUPA-; iONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ 

DECREASE 


1973 


INCREASE/ 

DECREASE 


PHYSICAL SCIENTISTS 


77 


72 


-5 


79 


+7 


LIFE SCIENTISTS 


2 


2 


- 


12 


+ 10 


ENGINEERS 


236 


244 


+8 


282 


+38 


DRAFTSMEN 


30 


3: 


+5 


30 


-5 


ELECTRICAL & ELECTRONICS 
TECHNICIANS 


4 


4 




4 


- 


HEALTH PHYSICS TECHNICIANS & 
RADIATION MONITORS 


17 


30 


+ 13 


48 


+ 18 


PHYSICAL SCIENCE TECHNICIANS 


56 


78 


+22 


78 


- 


TOTALS 


422 


465 


+43 


533 


+68 






uranium milling 



Numerical Increase 



(Cont'd) 


% Increase Between July 1969 
and December 31, 1973 


Between July 
and December 


Occup at lona j. LatcKui-j-co 
Physical Science Technicians 


39.3% 


22 


Engineers 


19.5% 


46 


Physical Scientists 


2.6% 


2 


Draftsmen 


0.0% 




Electrical/Electronics 


0.0% 





Technicians 

'xy 111 

TOTALS 

Consolidating the above occupational categories into three broad categories 
of scientists, engineers, and technicians, this breakdown shows the following per- 
cent increases between July 1969 and December 31, 1973: 

Numerical Increase 

% Increase Between July 1969 Between July 1969 

and December 31. 1973 and December _31 u .1973 



Occupational Categories 

Technicians (Includes 
Draftsmen) 



49.5% 



53 



Engineers 

Scientists 



19.5% 46 

15.2% 12 

The largest increase, both numerically and percentagewise, is for technicians. 

In this category, health physics technicians show the largest increase. This in- 
crease probably reflects the uranium industry's increased concern with providing 
its employees and the surrounding communities with well-established radiation 

protection programs. 

Chart 4 represents the actual historical BLS technical manpower data (1963- 
1968) for the privately owned uranium milling industry, and ANS projections of 
this industry's requirements for technical manpower through 1973. 

Currently, none of the interviewed companies have employed nuclear degreed 
scientists and engineers. Furthermore, these companies do not anticipate a need 
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- NUMBER OF SCIENTISTS, ENGINEERS AND TECHNICIANS 





URANIUM MILLING 



for nuclear degreed personnel in 1970, although one of the interviewed companies 
indicated an interest in hiring a nuclear scientist by 1973. ANS extrapolations 
of the data from the sample companies to the total uranium milling industry 
suits In a requirement of only 2 nuclear scientists by 1973. 

Percentages of currently employed scientists and engineers with a particular 
educational background to the total number of scientists and engineers currently 



employed in the uranium milling segment are 



Educational Background 
Mechanical Engineering 
Chemistry 

Chemical Engineering 
Geology & Geophysics 
Other Engineering Disciplines 
Metallurgical Engineering 
Physics 

Electrical/Electronics 

Engineering 

Biology 



% of Currently Employed 
Scientists or Engineers 

20 . 6 % 

19.0% 

17.5% 

15.9% 

14.3% 

6.3% 

3.2% 

1 . 6 % 



1 . 6 % 



TOTALS 100 - 0Z 

Of the currently employed scientists and engineers, 

have MS’s; and .4.7% have PhD's. 



Number of Currently 
Employed Scientists 
or Engineers _ 

65 

60 

55 

50 

45 

20 

10 

5 

5 

315 

81.0% have BS's; 14.3% 



SUMMATION OF IN-DEPTH INTERVIEWS 

The majority of degreed personnel employed at the interviewed companies work 
in test and evaluation, production, and management activities. Some of the degreed 
people are assigned to mining exploration activities. Technician level personnel 
work primarily in test and evaluation activities. 
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When these companies hire degreed technical personnel, their primary eval- 
uation is the candidate’s work experience. These companies have had no difficulty 
in filling their needs for degreed personnel during the past five years and they 
do not expect any difficulty in the near future. Likewise, the companies have 
been successful in hiring technicians although they foresee a shortage of techni- 
cians in the future. 

Although many factors go into their manpower planning activities, "histori- 
cal manpower data" and "dollar value of shipments" have been the two most reliable 
measures of their technical manpower requirements. 

The companies believe their degreed (non-nuclear) personnel would benefit 
from coursework in nuclear science and engineering (I.e. , reactor fuel technology, 
reactor materials, nuclear chemistry, health physics, and radiation safety). 
However, advanced coursework in chemistry, metallurgy, and metallurgical engin- 
eering would have a more practical application. 

The interviewed companies expect the uranium milling business to level off 
during the next three years, followed by a sharp increase during the midseventies. 




Production of Feed Materials 

BLS Segment Definition — Converting uranium concentrates and ores to metal ; 

refining and preparing oxides , florides. carbides , etc.; 
also uranium U-235 enrichment . Includes the recovery of 
scrap from the above processes . 

PRESENTATION OF STATISTICAL DATA 

This segment of the ate. ‘c energy field is primarily composed of government- 
owned establishments (about 90% of all companies reporting in this segment in the 
1968 BLS survey were government-owned establishments) and,, therefore, the extrapo- 
lation of the data could be made only from the data reported by the privately owned 
organizations. In presenting the historical BLS manpower data, only the technical 
employment data for the nongovernment-owned establishments will be made. 

In 1968, the sample represented 45.6% of all engineers, 26.1% of all scientists 
and 16.7% of all technicians working in the production of feed materials segment 
(privately owned companies) as reported to the BLS in 1968. The historically ad- 
justed BLS data for scientists, engineers, and technicians working in the private 



sector of 


this 


segment of the 


atomic energy field are given below: 








Historical BLS Data 


(1963-1968)* 




Year 




Scientists 


Engineers 


Technicians 


Totals 


1963 




36 


44 


47 


127 


1964 




36 


44 


46 


126 


1965 




35 


44 


45 


124 


1966 




39 


45 


52 


136 


1967 




41 


49 


56 


146 


1968 




46 


57 


60 


163 


* Data is 


only 


for nongovernment owned establishments. 




The sample data was extrapolated by the ANS to the entire production of feed 


materials 


segment (privately 


owned) for 1969, 


1970, and 1973. The 


results are 





Table 4 

- PRODUCTION OF FEED MATERIALS - 

CURRENT 0969) EMPLOYMENT OF SCIENTISTS. ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS 
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973. 

(Data include only personnel employed by privately-owned companies active in production of feed materials whs spend at leas* 50% 
of their working time in atomic energy activities.) 



- OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ 

DECREASE 


1973 


INCREASE/ 

DECREASE 


PHYSICAL SCIENTISTS 


27 


18 


-9 


28 


+ 10 


LIFE SCIENTISTS 


- 


- 


- 


14 


+ 14 


ENGINEERS 


77 


86 


+9 


123 


+37 


MATHEMATICIANS 


5 


5 


- 


13 


+8 


draftsmen 


9 


19 


+10 


28 


+9 


HEALTH PHYSICS TECHNICIANS & 
RADIATION MONITORS 


- 


6 


+6 


10 


+4 


LIFE SCIENCE TECHNICIANS 


72 


79 


+6 


79 


- 


TOTALS 


191 


213 


+22 


295 


+82 
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presented in Table 4. The overall growth in technical manpower requirements for 
this segment between July 1969 and December 31, 1973 is 54.5%, 

The percent increase?, between July 1969 and December 31, 1973 for each of 
the listed occupational categories are: 



Numerical Increase 

%, Increase Between July 1969 Between July 1969 
Occupational Categories and December 31, 1973 and December 31, 1973 



Draftsmen 



211 . 1 % 



19 



Mathematicians 160.0% 
Engineers 59.7% 
Life Science Technicians 8.2% 
Physical Scientists 3.7% 
Life Scientists 



Health Physics Technicians 
& Radiation Monitors 



TOTALS 54.5% 



8 

46 

6 

1 

14 

10 



104 



Health physics technicians are not currently employed at these companies but by 
1970 6 will be hired. An additional 4 health physics technicians will be hired by 
1973. In the case of life scientists, the companies have not hired these types to 
dete but are planning to hire 14 by 1973. 

Consolidating the above occupational categories into three broad categories* 
of scientists, engineers, and technicians, shows the following percent increases 
between July 1969 and December 31, 1973: 



Numerical Increase 

% Increase Between July 1969 Between July 1969 



Occupational Categories 


and December 31, 1973 


and December 31, 1973 


Scientists (Includes 


71.9% 


23 


Ma t hema t i c i ans ) 






Engineers 


59.7% 


46 


Technicians (Includes 


42.7% 


35 



Draftsmen) 
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The scientist category shows the largest increase percentagewise', despite the 
fact that between 1969 and 1970, nine physical scientists will be lost. Chart 5 
represents the actual historical BLS technical manpower data (1963-1968) for the 
entire non-governxnent-owned companies active in the production of feed materials 
segment and ANS projections of this segment’s requirements for technical personnel 

through 1973, 



The past, present, and future total employment of engineers and technicians 
roughly parallel each other while projections for scientists in 1969 and 1970 
show a significant drop. Between 1970 and 1973, the scientist category increases 

to a point greater than their actual number in 1968. 

Currently, there are 4 nuclear scientists employed by the privately owned 
companies active in the production of feed materials segment. The requirements 
for nuclear degreed scientists will increase by 260.0% between 1969 and 1973. 
Approximately 3 nuclear scientists will be needed each year to fill new positions 
Although these companies do no, at the present time, employ nuclear engineers, 
they are planning to hire 3 by 1970 and an additional 8 by 1973. 



Percental - f —rrently employed scientists and engineers with a particular 
education. „g to the total number of currently employed scientists and 

engineers are as follows : 



Educational Backgrounds 
Chemistry 

Chemical Engineering 

Mechanical Engineering 

Metallurgical Engineering 

Electrical/Electronics 

Engineering 



% bf Currently Employed 
Scientists and Engineers 

25.9% 

20 . 2 % 

17.3% 

8.7% 

7.7% 



Number of Currently 
Employed Scientists 
and Engineers 

27 



21 

18 



9 

8 
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(Gont 1 d) 

Educational Backgrounds 
Physics 

Other Engineering Disciplines 
Nuclear Chemistry 
Metallurgy 
TOTALS 



% of Currently Employed 
Scientists and Engineers 

6.7% 

5.8% 

4.8% 

2.9% 



Number of Currently 
Employed Scientists 
and Engineers 



7 

6 

5 

3 



104 



100 . 0 % 

Of the 5 currently employed nuclear chemists, 2 have BS's; 2 have MS's; and, 1 
has a PhD. Of the other degreed (non-nuclear) personnel, 74.1% have BS’s; 19.0% 
have MS's; and, 6.9% have PhD's. 

Annual requirements for nuclear degreed scientists and engineers between 

July 1969. and December 31, 1973 to fill new positions are; 

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED 
PERSONNEL TO FILL NEW POSITIONS 



Year 



Scientists 

0 

0 

4 

4 

5 



E ngineers 

1 

2 

2 

3 

3 



1969 (6 mo.) 

1970 

1971 

1972 

1973 

Allowances for attrition must be included with this segment's need for 
scientists and engineers to fill new positions to arrive at the total technical 
manpower requirements for nuclear degreed personnel. (Allowances for attrition 
are the same as those used previously in this report: 8.4% for scientists and 

7.6% for engineers.) 



O 

ERJC 
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Year 

1969 (6 mo.) 0 

1970 0 

1971 4 

1972 4 

1973 _J> 

TOTALS 13 



Nuclear Scientists 
Growth Replacement Total 



Nuclear Engi n eers 
Growt h Rep lacenent Total 



0 

0 

0 

1 

2 

3 

0.7 



0 

0 

4 

5 
_7 
16 

3.6 



1 

2 

2 

3 

3 

11 

2.4 



0 

0 

0 

0 

1 

1 

0.2 



1 

2 

2 

3 

Jl 

12 

2.6 



Average Annual 
Incremental 
Requirements 
(4% yrs.) 2.9 

Between July 1969 and December 31, 1973, a total of 28 nuclear degreed per- 
sonnel will be needed by the privately owned companies active in the production 



of feed materials segment. This requirement averages out to be about 6 nuclear 
degreed personnel each year to fill new and replacement positions within these 



companies. 

SUMMATION OF IN-DEPTH INTERVIEWS 

Within this segment of the atomic energy field, nuclear degreed personnel 
work primarily in standards and specifications and technical assistance and con- 
sulting activities. The other degreed (non-nuclear) personnel work in the follow- 

ing company activities: 

a. Development 

b. Construction 

c. Production 

d. Data collection, processing and analysis 

e. Installations, operations and maintenance 

Although there are few open positions for nuclear degreed individuals, there 
has been some difficulty in hiring nuclear types. With regard to the hiring of 
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other degreed (non-nuclear) scientists and engineers, there has been good success. 
There has also been success in hiring technicians. 

In the future, the supply of nuclear degreed scientists and engineers is ex- 
pected to be large enough to meet the demands. Furthermore, the supply of other 
degreed (non-nuclear) scientists and engineers will be adequate. However, although 
there will be a sufficient supply, there may be some difficulty in hiring the well- 
qualified individual. It is believed that the future supply of technicians will 
fall considerably short of the demand. In anticipation of this technician short- 
age, an attempt will be made to institute technician training programs integrating on- 
the-job training, short courses at a local technical and/or trade school, and train- 
ing provided by their vendors. 

Generally speaking, nuclear degreed individuals are hired to fill specialized 
technological needs but, beyond these specialized needs, scientists and engineers 
are hired with backgrounds in the traditional scientific and technical disciplines and 
given on-the-job nuclear training. Nuclear degreed personnel are hired not only to 
solve very specialized technical problems but secondarily, to direct the training 
of the company's technical staff in the technologies of nuclear science and engi- 
neering. 

For future employees, a preference will be made for the degreed (non-nuclear) 
scientist or engineer who has had one or two courses in nuclear science and engi- 

.s' . m ' , ' • ' *, ' , • 

neering. The nucleair courses that would be most applicable to the technical en- 
vironment of this segment of the atomic energy field are i 

a. Waste disposal 

b. Reactor frel technology 

c. Radiochemistry 

d. Health physics 

e. Radiation safety 

f. Fuel- cycle management 
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In addition, coursework in basic economic theory would be helpful. 

In developing manpower projections, factors such as "increasing nuclear power 
plant generating capacities" and "dollar value of backorders" are used as reliable 
measures of technical manpower needs* 



Production of Special Materials for use in Reactors 

BLS Begment Definition — Such as reactor grade graphite , boron , stainless steel , 

boron uranium , beryllium , dysprosium , dysprosium dis- 
persions , hafnium - haf dispersions, polonium, silver- 
cadmum— indium, zirconium, zircaloy , and heavy water. 

PRESENTATION OF STATISTICAL DATA 

In 1968, the interviewed cot riles employed 58.4% of all engineers, 70.7% of 
all scientists, and 66.8% of all technicians working in this segment as reported 



to the BLS. 


The historical 


BLS data for scientists, engineers, and technicians 


working in 
given below 


the production of special materials 
Historical BLS Data 


for use in reactors 
(1963-1968) 


segment are 


Year 


Scientists 


Engineers 


Technicians 


Totals 


1963 


68 


156 


344 


568 


1964 


68 


177 


281 


526 


1965 


57 


121 


218 


396 


1966 


50 


132 


240 


422 


1967 


43 


117 


243 


403 


1968 


36 


149 


277 


462 


The data provided by the sample companies 


am! e^tr r.CPlaiced to 


the entire 



production of special materials for use in reactors segment for 1969, 1970 and 
1973 are presented in Table 5. The overall growth of technical manpower 1 re- 
quirements for this industry between July 1969 and December 31, 1973 is 45.1%. 

Percentage increases between July 1969 and December 31, 1973 for <iach of 
the listed occupational categories are: 

Numerical Increase 

% Increase Between July 1969 Between July 1969 
Occupational Categories _ and December 31. 1973 and December 31. 1973 

Other Technicians 150.0% 



96 



Table 5 



- PRODUCTION OF SPECIAL MATERIALS FOR USE IN REACTORS - 
CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS 
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973. 



(Data include only personnel employed by pr ivato ly-ow ned companies active in production of spec-ol materials for use 
spend at ileasf 50% of their working time In atomic energy activities.) 



in reactors who 



OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


increase/ 

DECREASE 


1973 


increase/ 

.decrease 


PHYSICAL SCIENTISTS 


90 


103 


+13 


126 


+23 


LIFE SCIENTISTS 


1 


1 


- 


1 


- 


ENGINEERS 


118 


146 


+28 


164 


+18 


DRAFTSMEN 


15 


21 


+6 


21 


- 


ELECTRICAL & ELECTRONICS 
TECHNICIANS 


16 


19 


+3 


25 


+6 


OTHER ENGINEERING TECHNICIANS 


108 


109 


+1 


T18 


+9 


HEALTH PHYSICS TECHNICIANS & 
RADIATION MONITORS 


3 


4 


+ 1 


4 


- 


PHYSICAL SCIENCE TECHNICIANS 


117 


133 


+16 


153 


+20 


OTHER TECHNICIANS 


64 


81 


. 17 


160 


+79 


TOTALS 


- . 

532 


617 


+85 


772 


+155 
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Fumerical Increase 

(Cont'd) % Increase Between July 1969 Between July 1969 

Occupational Categories and December 31 , 1973 and December 31, 1973 

Electrical/Electronics 56.3% 9 

Technicians 



Physical Scientists 


40.0% 


36 


Draftsmen 


40.0% 


6 


Engineers 


39.0% 


46 


Health Physics Technicians 
& Radiation Monitors 


33.3% 


1 


Physical Science Technicians 


30.8% 


36 


Other Engineering Technicians 


9.3% 


10 


Life Scientists 




— 


TOTALS 


45.1% 


240 



Consolidating the above occupational categories into three broad categories 
of scientists* engineers, and technicians, shows the following pe-i . .creases 
between July 1969 and December 31, 1973: 

Numerical Increase 

% Increase Between July 1969 Between July 1969 
Occupationa l Categories and December 31, 1973 and December 31 t 19 73 

Technicians (Includes 48.9% 158 

draftsmen) 

Scientists 39.6% 36 

Engineers 39.0% 46 

The largest increase, both numerically and percentagewise, is in the 
technician category. 

Chart 6 represents the actual historical BLS technical manpower data (1963- 
1968) for privately owned companies active in the production of special materials 
for use in reactors segment, and ANS projections of this segment’s requirements 
for technical manpower through 1973. This chart shows that technicians will 



_ NUMBER of scientists, engineers and technicians - 



o 




Ckort 6 
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continue to be no l only the largest numerical group but also will experience the 
largest percent increase. Requirements for engineers will remain essentially the 
same while tec uirements for scientists will increase. 

Currently, none of the interviewed companies employ nuclear degreed scientists 
or engineers and they do not anticipate a need for these types in the near future. 

The percentage of currently employed scientists and engineers with a particular 
educational background to the total number of currently employed scientists and 
engineers are as follows: 

Number of Currently 



Educational Backgrounds 


% of Currently Employed 
Scientists or Engineers 


Employed Scientists 
or Engineers 


Chemis try 


23.5% 


49 


Chemical Engineering 


18.9% 


40 


Metallurgy 


18.2% 


38 


Physics 


11.4% 


24 


Other Engineering Disciplines 


10.6% 


22 


Metallurgical Engineering 


7.6% 


16 


Geology & Geophysics 


4.5% 


9 


Mechanical Engineering 


3.0% 


6 


Electrical /Electronics 
Engineering 


2.3% 


5 


TOTALS 


100.0% 


209 



Of the currently employed degreed (non-nuclear) scientists and engineers, 
69.7% have BS f s ; 20.5% have MS’s; and 9.8% have PhD’s. 

SUMMATION OF IN-DEPTH INTERVIEWS 

The interviewed companies prefer to hire the experienced scientist and 
engineer. This is especially true if the candidate has worked for another 
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company active in the atomic energy field. 

During the past five years, these companies have had good to excellent 
success in hiring degreed qualified and experienced personnel. In 1969, however, 
they are experiencing some difficulty hiring these types and, as a result, they 
have begun to hire a greater number of recent college graduates . The companies 
have been successful in this endeavor and attribute their success to the fact 
that recent graduates prefer to associate themselves with young, growth-oriented 



organizations such as these companies* 

With regard to the competency of young graduates , the companies believe 
the universities are placing too much emphasis on intradiscipline specialization. 



The companies prefer graduates who have a broad but basic knowledge of th?-ir 
profession. The companies believe this type of training allows the individual 
to be more flexible within the company and, therefore, more valuable. 

None of the interviewed companies have employed or are planning to employ 
nuclear degreed scientists and engineers. They do not believe that a nuclear 
degreed individual would add significantly to the company’s overall technical 
capability. One of the interviewed organizations stated: "their company is a 

materials oriented organization that does not need nuclear degreed individuals 
as they are typically oreinted to reactor technology. 1 ' 

The majority of their degreed employees work in the following company 

activities: 

1. Research and development 

2. Production 

3. Test and evaluation 

4. Standards and specifications 

5. Technical assistance and consulting 



O 
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Although half of the companies do not believe their degreed employees would 
benefit from coursework in nuclear science and engineering, the remaining com- 
panies do believe their degreed technical employees would benefit. These com- 
panies would like the universities to include some nuclear courses in the 
traditional science and engineering curriculums. The nuclear courses they would 
like to see incorporated into the classical science and engineering disciplines 
•cLjL e • 

1. Reactor materials 

2 . Rad i o chemi s t r y 

3* Radiological physics 

4. Health physics 

5. Fuel- cycle management 

6. Fuel development (uranium and plutonium) 

Furthermore, they believe the universities should place more emphasis on ceramic 

technology. 

All the interviewed companies have had good success filling their require- 
ments for professional technicians (at least 2 years of college or technical 
school training). They also hire a large number of non-professional technicians 
for work in production activities . Professional technicians are normally 
assigned to research and development and test and evaluation activities. The 
only nuclear courses that would be of benefit to their technicians are nuclear 
chemistry and health physics. 

''Increasing nuclear power plant generating capacities" and "sales forecasts 
have historically proven to be the most reliable measures of their technical 
manpower requirements. 

With regard to the interviewed companies evaluation of their industry's 
growth potential, they believe that requirements for special reactor materials 
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will continue to grow at the present rate through the midseventies , followed by 
a period of relative stability. 



Fuel Element Fabrication & Recovery Activities 

BLS Segment Definition — Includes the manufacture of fuel elements and cladding 

materials for reactors ; the recovery and chemical pro- 
cessing of irradiated uranium and plutonium fuels to 
separate fission products from irradiated fuel elements; 
and the scrap recoveiry and processing of unirradiated 
uranium metal, alloys , uranium, depleted dispersions 9 
and compounds from fuel element fabrication plants . 

PRESENTATION OE STATISTICAL DATA 

In 1968, the interviewed companies employed 28,5% of all engineers, 14.5% 
of all scientists, and 22,8% of all technicians working in this segment as 
reported by the BLS. The historical BLS data for scientists, engineers, and 
technicians employed in the fuel element fabrication and recovery segment are 
given below: 



Historical BLS Data (1963-1968) 



Year 


Scientists 


Engineers 


Technicians 


Totals 


1963 


124 


551 


701 


1,376 


1964 


137 


586 


766 


1,489 


1965 


128 


514 


679 


1,321 


1966 


139 


496 


661 


1,296 


1967 


148 


479 


750 


1,377 


1968 


207 


449 


858 


1,514 



The data provided by the sample companies and extrapolated by the ANS to the 
entire fuel element fabrication and recovery segment (privately owned) for 1969, 
1970, and 1973 are presented in Table 6. The overall growth in technical manpower 
requirements for this industry between July 1969 and December 31, 1973 is 41.2%. 



Table 6 

- FUEL ELEMENT FABRICATION AND RECOVERY ACTIVITIES - 
CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS 
PROJECTIONS OF TECHNICAL MANPOWER ACQUIREMENTS FOR 1970 AND 1973. 

(Data include only personnel employed by privately-owned companies active in fuel element fabrication and recovery activities who 
spend af least 50% of their working time in atomic energy activities.) 



OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1 970 


INCREASE/ 

DECREASE 


1973 


INCREASE/ 

DECREASE 


PHYSICAL SCIENTISTS 


437 


479 


+42 


650 


+ 171 


LIFE SCIENTISTS 


65 


77 


+ 12 


130 


+53 


ENGINEERS 


! 

408 


475 


+67 


562 


+94 


MATHEMATICIANS 


89 


89 


- 


10 ! 


+ 12 


DRAFTSMEN 


55 


69 


+14 


6 F 


- 


ELECTRICAL & ELECTRONICS 
TECHNICIANS 


14 


14 




28 


+ 14 


OTHER ENGINEERING TECHNICIANS 


13 


13 


- 


23 


+ 10 


HEALTH PHYSICS TECHNICIANS & 
radiation MONITORS 


125 


125 


- 


180 


+55 


PHYSICAL SCIENCE TECHNICIANS 


360 


407 


+47 


517 


+110 


OTHER TECHNICIANS 7 V. 


^ 7 . 157 


157 




166 


+9 


NUCLEAR MATERIALS MANAGERS 


19 


18 


-1 


27 


+9 


- TOTALS 


1,742 


1,923 


+181 


2,460 


+537 
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The percent increases between July 1969 and December 31, 1973 for each of 
the listed occupational categories are: 



Occupational Categories _ 

Life Scientists 

Electrical/ Electronics 
Technicians 

Other Engineering 
Technicians 

Physical Scientists 

Health Physics Technicians 
& Radiation Monitors 

Physical Science Technicians 

Nuclear Materials Managers 

Engineers 

Draftsmen 

Mathematicians 

Other Technicians 

TOTALS 



% Increase Between July 1969 
and December 31, 1973 

100,0% 

liS0.0% 

V6.9% 

48.7 % 

44 o0% 



43,6% 
42.1% 
39,5% 
25,5% 
13.5% 
5.7 % 
41. 2% 



• ;y \v 



Numerical Increase 
Between July 1969 
and December 31, 1973 

65 

14 



10 

213 

55 

157 

8 

161 

14 

12 

9 

718 



The fact that there are large numerical requirements for physical scientists and 
physical science technicians points out the high priority these companies are 
placing on the scientific aspects of fuel technology research and development. 

Consolidating the above occupational categories into three broad categories 
of scientists, engineers, and technicians, shows the following percent increases 
between July 1969 and December 31, 1973: 
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Numerical Increase 



Occupational Categories 


% Increase Between July 1969 
and December 31, 1973 


Between July 1969 
and December 31, 1973 


Scientists (Includes 


49.1% 


29 0 


Mathematicians 






Engineers 


39.5% 


161 


Technicians (Includes 


35.9% 


267 



Draftsmen and Nuclear 
Materials Managers) 

Chart 7 represents the actual historical BLS technical manpower data (196.3— 
1968) for the privately owned companies active in fuel element fabrication and 
recovery activities, and ANS projections of this segment s requirements foi 
technical manpower through 1973. 

Requirements for scientists show the greatest increase, surpassing the total 
number of engineers that will be employed in this segment by 1973. .Employment of 
technicians will drop slightly between 1968 and 1969 but numerically will increase 
at a rate which, by 1973, will be greater than the number of technicians employed 
in 1968. 



Currently, there are 6 nuclear scientists and 41 nuclear engineers employed 
by the privately owned companies active in the fuel element fabrication and re- 
covery . segment . Between 1969 and 1973 , 47 nuclear scientists will be hired by 
these companies. Furthermore, the companies will more than double their require- 
ments for nuclear engineers during this period. 

Percentages of currently employed scientists and engineers with a particular 
educational background to the total number of currently employed scientists and 
engineers are as follows: 



Educational Background 
Chemical Engineering 



% of Currently Employed 
Scientists and Engineers 

31.3% 



Number of Currently 
Employed Scientists 
and Engineers, 

285 




85 ; 
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Chart 7 

EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE FUEL ELEMENT FABRI- 
CATION AND RECOVERY SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY , IELD FOR EACH YEAR 
EXTENDING FROM 1963 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR ST AT 1ST ICS) AND ANS 
PROJECTIONS OF THE TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973. 




FIIE1 ELEMENT FABRICATION 
& RECOVERY ACTIVITIES 



NutCi ' " of Currently 



(Cont f d) 

Educational Backgrounds 


% of Currently Employed 
Scientists and Engineers 


Emp 1c y ed Scientist 
HT'd Engineers 


chemistry 


27.1% 






247 


Mechanical Engineering 


14.'% 






133 


Physics 


8.*s% 






80 


Other Scientific Disciplines 


4.6% 






42 


Nuclear Engineering 


4.5% 






41 


Electrical/ Electronics 
Engineering 


2.5% 






23 


Metallurgy 


2.5% 






23 


Other Engineering Disciplines 


1.5% 






14 


Metallurgical Engineering 


1.0% 






9 


Civil Engineering 


0.9% 






7 


Nuclear Chemistry 


0.7% 






6 


TOTALS 


100.0% 






910 


Of the currently employed n 


uclear degreed scientists and engineers, 50.0% 


have BS’s; 16,7% have MS's; and 


33.3% have PhD's. 


. Of 


the other degreed (non- 


nuclear) personnel currently employed in this segment. 


89.6% 


have BS.. r s ; 7. 7% 


have MS 1 s ; and 2.7% have PhD 1 s . 










The annual requirements for 


nuclear degreed 


scientists 


and engineers between 


July 1969 and December 31, 1973 


to fill new positions 


are : 




ANNUAL INCREMENTAL REQUIREMENTS 
PERSONNEL TO FILL NEW 


FOR NUCLEAR DEGREED 
POSITIONS 


Year 


Scientists 






Engineers 


1969 (6 mo. ) 


6 






8 


1970 


12 






15 


1971 


9 






8 


1972 - 


10 






9 



1973 10 



Cr 



UEL ELEMENT FABRICATION 
RECOVERY ACTIVITIES 

In addition to requirements for nuclear degreed scientists and engineers 
to fill new positions, allowances for attrition must also be included to arrive 
at this segment’s total technical manpower requirements for nuclear degreed 
personnel. (Allowances for attrition are the same as those used previously in 
this report: 8-4% for scientists and 7.6% for engineers.) 



Nuclear Scientists Nuclear Engineers 



Year 


Growth 


Replacement 


Total 


Growth 


Replacement 


Total 


1969 (6 


mo . ) 


6 


1 


7 


8 


3 


11 


1970 




12 


2 


14 


15 


5 


20 


1971 




9 


2 


11 


8 


5 


13 


1972 




10 


3 


13 


9 


6 


15 


-1973 




10 


j4 


14 


9 


7 


16 


TOTALS 




47 


12 


59: 


49 


26 


75 


Average Annual 

Incremental 

Requirements 

(4% yrs . ). 10. 4 


2.7 


13.1 


10.9 


5.8 


16.7 



Between July 1969 and December 31, 1973, a total of 134 nuclear degreed 
personnel will be needed by privately owned companies active in the fuel element 
fabrication and recovery segment of the atomic energy field. This total require- 
ment averages out to about 30 nuclear degreed scientists and engineers each year 
to fill new and replacement positions within these organizations. 

SUMMATION OF IN-DEPTH INTERVIEWS 

The interviewed companies’ degreed (non-nuclear) scientists and engineers 
work primarily in design and management activities. Other company activities 
where their degreed personnel work are research and development, test and evalu- 
ation, and standards and specifications. 

Two- thirds of the interviewed companies have had ‘Considerable difficulty 
hiring degreed (non-nuclear) scientists and engineers. They attribute this 



FUEL ELEMENT FABRICATION 
& RECOVERY ACTIVITIES 

difficulty to an insufficient supply of scientists and engineers. Another 
problem these companies are experiencing is that most of the available scientists 
and engineers have had very little, if any, educational or working experience in 
nuclear technology. 

The interviewed companies would like some of their degreed (non-nuclear) 
employees to take coursework in nuclear science and engineering. They believe 
that only those employees whose present job requires some knowledge of nuclear 
technology should take these courses. Some of the nuclear related courses these 
companies would like their degreed (non-nuclear) scientists and engineers to 
take are: 

1. Reactor materials 

2. Radiation shielding 

3. Reactor fuel technology 

4. Radiochemistry 

5. Fuel- cycle management 

All interviewed companies believe the supply of degreed (non-nuclear) 
scientists and engineers will fall short of the demand by 1970 and 1973. 

Whereas these companies evaluate a potential degreed (non-nuclear) individual 
in terms of his experience and education, when they hire a nuclear degreed indi- 
vidual, they look primarily at the candidate 1 s experience . Generally speaking, 
these companies do not stress, in their evaluation of a nuclear degreed individual 
the extent of his education as they assume that the candidate has had advanced 
nuclear courses and, therefore, has the required knowledge. 

The majority of their nuclear degreed personnel work in the following 
company activities:. 

1. Research 

2. Contract administration 
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3. Design 

4. Data collection, processing and analysis 

5. Standards and specifications 

6. Management 

Each of the interviewed companies currently has a few unfilled positions tor 
nuclear degreed scientists and engineers. Historically, the companies have always 
had this problem and expect it to continue in the seventies. They believe the 
majority of degreed scientists and engineers are hired by national laboratories, 
companies active in the design and engineering of nuclear facilities and companies 
active in reactor and reactor component manufacturing. The interviewed companies 



believe they would be able to attract more nuclear-degreed individuals to their 



organizations if graduating students were made aware of the opportunities available 
in the fuel fabrication and recovery industry. 

The hiring patterns of the intewiewed companies for nuclear degreed scien- 
tists and engineers will remain about the same as in the past (i.e., nuclear 
engineers and nuclear chemists). One of the companies indicated an interest in 
hiring health physicists. The companies believe the training and education re- 
ceived by nuclear engineers is very compatible with the job responsibilities they 
are assigned to in their organizations. One area where these companies find 
nuclear degreed individuals especially competent in is "criticality evaluations." 
However, the companies would like to see the universities place more emphasis on 
fuel-cycle economics. 

Experience is the primary criteria for evaluating potential technician 
employees. Technicians, employed at these companies, work in research and 
production activities and, to a lesser extent, in test and evaluation, and data 
collection, processing and analysis activities. Nuclear materials managers work 
in regulatory enforcement and licensing, technical assistance, and consulting 
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and management activities. 

The supply of qualified technicians throughout the 1970’s will be so critical 
that most of these companies have begun training technicians themselves. Some of 
the nuclear courses they offer in the training of technicians are: 

1. Health physics 

2. Radiochemistry 

3. Radiation safety 

4 . Fuel-handling techniques 

The most reliable extrinsic factor these companies use in measuring their 
technical manpower needs is "increasing nuclear power plant generating capacities." 
The most reliable intrinsic factor is "dollar value of backorders." 

The majority of the interviewed companies felt there will be a slow but 
gradual growth in the fuel fabrication and recovery industry until the midseventies 
when they expect a significant increase to occur. 
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Reactor and Reactor Component Design and Manufacturing 

BLS Segment Definition — The design and/or manufacture of nuclear reactors for 

potfer, test , and research purposes 3 and for missile and 
space applications 3 including radioisotopic poioer. 
Includes the assembly:, testing and disassembly of 
reactors and testing materials for reactor usage. 

PRESENTATION OF STATISTICAL DATA 



In 1968, tfre interviewed companies employed 79.1 % of all engineers, 62.2% 
of all scientists , and 73.5% of all technicians working in this segment as re- 
ported by the BlS. The historical data for scientists, engineers, and technicians 



employed 


in the teactor and 


reactor component design and manufacturing 


segment 


are given 


below ; 












Historical BLS Data 


(1963-1968) 




Year 


Scientists 


Engineers 


Technicians 


Totals 


1963 


1,090 


4,478 


2,682 


8,250 


1964 


989 


4,794 


3,210 


8,993 


1965 


1,036 


4,651 


3,162 


8,849 


1966 


766 


3,744 


2,359 


6,869 


1967 


978 


4,523 


2.603 


8,104 


1968 


1,033 


5,353 


3,022 


9,408 


The 


data provided by i 


the sample companies 


and extrapolated by the 


ANS to the 


entire reactor a nd reactor 


component design and manufacturing segment 


(privately 


owned) for 196 9> 1970 , and 


1973 are presented 


in Table 7. The overall 


growth in 



technical manpe>w er requirements for this segment of the atomic energy field 
’•'fitween July 1969 and December 31, 1973 is 42.3%. 

Percentage increases between July 1969 and December 31, 1973 for each of the 
listed occupational categories are: 



Table 7 

- REACTOR AND REACTOR COMPONENT DESIGN AND MANUFACTURING - 
CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS 
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973. 

(Data include only personnel employed by pr ivate ly -owned companies active in reactor and reactor component design and manufactur- 
ing who spend of least 50% of their working time in atomic energy activities.) 



OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ 

DECREASE 


1973 


INCREASE 
V DECREASE 


PHYSICAL SCIENTISTS 


1,165 


1,292 


+127 


1,592 


+300 


LIFE SCIENTISTS 


90 


95 


+5 


122 


+27 


ENGINEERS 


4,979 


5,387 


+408 


6,814 


+1,427 


mathematicians 


149 


171 


+22 


232 


+61 


DRAFTSMEN 


1,227 


1,382 


+ 155 


1,868 


+486 


ELECTRICAL & ELECTRONICS 
TECHNICIANS 


361 


390 


+29 


557 


+167 


O'fHEK ENGINEERING TECHNICIANS 


887 


1,016 


+129 


1,364 


+348 


HEALTH PHYSICS TECHNICIANS & 
RADIATION MONITORS 


116 


T 34 


+18 


159 


+25 


LIFE SCIENCE TECHNICIANS 


7 


16 


+9 


27 


+ 11 


PHYSICAL SCIENCE TECHNICIANS 


417 


453 


+36 


669 


+216 


OTHER TECHNICIANS 


354 


390 


+36 


472 


+82 


NUCLEAR REACTOR OPERATORS 


123 


146 


+23 


175 


+29 


NUCLEAR MATERIALS MANAGERS 


13 


11 


-2 


16 


+5 


TOTALS 


9,888 


10,883 


+995 


14,067 


+3,184 
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Numerical Increase 



% 

Occupational Categories 


Increase Between July 1969 
and December 31, 1973 


Between July 1969 
and December 31, 1973 


Life Science Technicians 


285.7% 


20 


Physical Science Technicians 


60.4% 


252 


Mathematicians 


55.7% 


83 


Electrical/ Electronics 
Technicians 


54.3% 


196 


Other Engineering 
Technicians 


53.8% 


477 


Draftsmen 


52.2% 


641 


Nuclear Reactor Operators 


42.3% 


52 


Health Physics Technicians 
& Radiation Monitors 


37.1% 


43 


Engineers * 


36.9% 


1,835 


Physical Scientists 


36.7% 


427 


Life Scientists 


35.6% 


32 


Other Technicians 


33.3% 


118 


Nuclear Materials Managers 


23.1% 


3 


TOTALS 


42.3% * 


4,179 



Although the engineer category shows the largest numerical increase, seven 
of the first eight categories, ranked by percent increase between 1969 and 1973, 
are occupied by technician-level personnel. This emphasis on technician-level 
personnel reflects the transition of these companies from primarily research and 
development operations to product design and manufacturing organizations. 

Consolidating the above occupational categories into three broad categories 
of scientists, engineers, and technicians, shows the following percent increases 
between July 1969 arid December 31, 1973: 
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Numerical Increase 

% Increase Between July 1969 Between July 1969 
Occupational Categories and December 31, 1973 and December 31, 1973 

Technicians (Includes 51.4% 1,802 

Draftsmen, Nuclear Reactor 
Operators, and Nuclear 
Materials Managers) 



Scientists (Includes 38.6% 542 

Mathematicians) 

Engineers 36.9% 1,835 

Chart 8 represents the actual historical BLS technical manpower data (1963- 
1968) for the non- government- owned companies active in reactor and reactor compon- 
ent design and manufacturing activities, and ANS projections of this segment’s 
requirements for technical personnel through 1973. 

Currently there are 446 nuclear scientists and 530 nuclear engineers em- 




ployed by the privately owned companies active in this segment of the atomic 
energy field. Between 1969 and 1973, these companies expect to hire an additional 
193 nuclear scientists and 228 nuclear engineers to fill new positions. 

The percentage of currently employed scientists and engineers with a parti~ 
cular educational background to the total number of scientists and engineers 
are as follows: 



Educational Backgrounds 
Mechanical- Engineering 
Nuclear or Reactor Engineering 



% of Currently Employed 
Scientists and Engineers 

38.1% 

11*3% 



Number of Currently 
Employed Scientists 
and Engineers 

2,371 

711 



Elect rical/Electronics 
Engineering 

Chemical Engineering 

Other Engineering Disciplines 

Physics 
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10.8% 673 

7.5% , 468 
7.2% '-;J. 447 
6.6% 415 
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EMPLOYMENT OF SCIENTISTS, ENGINEERS AND T u CHNMCIA NS BY COMPANIES ACTIVE IN T H E R E A C TO R AND R E ACTOR 
COMPONENT DESIGN AND MANUFACTURING SEGMENT ur THE PRIVATE SECTOR OF THE f J! 0R 

T EACH YEAR EXTENOING FROM 1963 THROUGH 1968 {AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND 
ANS PROJECTIONS OF THE TECHNICAL MANPOWER REQUIREMENTS FOR 1969, U'70 AND 1973. 




REACTOR & REACTOR COMPONENT 
DESIGN & MANUFACTURING 



Number of Currently 



(Cont 1 d) 

Educational Backgrounds 


% o£ Currently Employed 
Scientists and Engineers 


Employed Scientists 
and Engineers 


Metallurgical Engineering 


5.2% 


321 


Chemistry 


3.9% 


242 


Nuclear Physics 


2.5% 


159 


Other Science Disciplines 


1.7% 


105 


Civil Engineering 


1.6% 


100 


Metallurgy 


1.6% 


100 


Health Physics 


0.8% 


48 


Other Nuclear Science and 
Engineering Disciplines 


0.5% 


29 


Nuclear Chemistry 


0.4% 


26 


Geology and Geophysics 


0.2% 


16 


High Energy Physics 


0.1% 


3 


TOTALS 


100.0% 


6,234 



Of the currently employed nuclear degreed scientists and engineers, 25.2/? 
have BS’s; 56.2% have MS’s: and *18. 6% have PhD’s. Of the other degreed (non- 
nuclear) personnel currently employed in this segment of the atomic energy field, 
66.3% have BS's; 26.9% have MS's; and 6.8% have PhD's. 

The annual requirements for nuclear degreed scientists and engineers between 



July 1969 and December 31, 1973 to fill new positions are: 

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED 
PERSONNEL TO FILL NEW POSITIONS 



Year 

1969 (6 mo. ) 

1970 

1971 

1972 

1973 



Scientists 

23 

46 

41 
, 41 

42 




97 



Engineers 

23 

46 

53 

53 



REACTOR & REACTOR COMPONENT 
DESIGN & MANUFACTURING 

In addition to this segment's ne*ad for nuclear degreed scientists and engi- 
neers to fill new positions, allowances for attrition must also be included to 
arrive at the total technical manpower requirements for nuclear degreed personnel. 
(Allowances for attrition are the same as those used previously in tteis reports 
8.4% for scientists and 7.6% for engineers.) 



Nuclear Scientists Nuclear Engineers 



Year 


Growth 


Replacement 


Total 


Growth 


Replacement 


Total 


1969 (6 


mo.) 23 


37 


&0 


23 


40 


63 


1970 


46 


43 


S9 


46 


46 


92 


1971 


41 


46 


m 


53 


50 


103 I 

i 


1972 


41 


50 


91 


53 


54 


107 j 


1973 


42 


54 


96 


53 


58 


111 


TOTALS 


193 


230 


423 


228 


248 


476 



Average Annual 

Incremental 

Requirements 

(4% yrs. )42. 9 ; 51.1 94.0 50.7 55.1 105.8 

Between July 1969 and December 31, 1973, a total of 899 nuclear degreed 
personnel will be needed by all privately owned companies active in the reactor 
and reactor component design and manufacturing segment. This requirement 
averages out to about 200 nuclear degreed scientists and engineers each year to 
fill new and replacement positions within these organizations. 
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SUMMATION OF IN-DEPTH INTERVIEWS 

The primary employment qualification these companies consider when hiring 
degreed (non-nuclear) scientists and engineers is experience. The*f also eval- 
uate the candidate's "track record" and whether or not the individual has a keen 
interest in the nuclear field. However, when these companies hire rescent college 
graduates they put considerably more emphasis on the level of degree earned plus 
a subjective evaluation of the candidate's future -potential. 

The company activities where the degreed (non-nuclear) employees work are: 

1. Design (17%) 

2. Development (12%) 

3. Test and evaluation (10%) 

4. Production (13%) 

5. Research (5%) 

6. Other activities (42%) 

Half of the interviewed companies have had good success in hiring degreed 
(non-nuclear) scientists and engineers during the past five years. These com- 
panies attribute their success to: I) the growth and m-wnass of the nuclear 

field: 2) their company's geographical location; 3) the individual's growth 
potential at their company; and, 4) the diversity of their company's operations. 
The remaining 50% of the interviewed companies have had some difficulty in 
filling their needs for degreed (non-nuclear) personnel. Two of the major 
reasons given for this difficulty are: 1) the over-whelming demand, on a 

national basis, for degreed personnel ■ — especially engineers; and 2) the 
extremely high salary levels being demanded by potential employees. 

As to whether or not these companies felt they would be able to fill their 
requirements for degreed (non-nuclear) scientists and engineers in the early 
1970's, the majority of the companies indicated that they were cautiously 
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optimistic^ They noted the apparent decrease in engineering enrollments and 
expressed some concern over the. effect of the military draft on students who 
would taonss.lly go on to graduate school. Geiierally speaking, these companies 
believe ithej 7 will be able to hire enough scientists and engineers to meet their 
1970 and 1973 requirements, but they might have to pay more. 

All interviewed companies felt that they would like their degreed (non- 
nuclear) scientists and engineers to have some coursework in nuclear science 
or engineering. Some of the nuclear courses they would like the universities 
to make available to science and engineering (non-nuclear) students are: 

1. Reactor fuel technology 

2. Reactor materials 

3. Reactor design 

4. Nuclear metallurgy 

5. A survey course in the fundamentals 
of nuclear engineering 

When hiring a scientist or engineer with a degree in nuclear science or 
engineering, these companies use the same employment criteria as when they hire 
scientists and engineers in general. However, two of the interviewed companies 
pointed out that within their company there seems to be a trend for the super- 
visory managers to specify master's degreed nuclear engineers in their job 
descriptions. 

About 43% of the nuclear degreed personnel work in research activities, 

20% in development, 9% in test and evaluation, 9% in design, and 10% in regulatory 
enforcement and licensing activities. The remaining portion of nuclear degreed 
personnel work in management and data collection, processing and analysis 
activities. T : : -7 : V'-v '' '7 7- 
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Daring the past five years, all interviewed companies have had relatively 
iss* d success in filling their needs for nuclear degreed personnel. The most 
prevalent reason given for their success in hiring nuclear degreed scientists 
asici engineers was that these organizations are at the forefront of the nuclear 
gg s£L£. and, as a result, they attract people who want to be where the "action" 
iis.. Twenty-eight percent of the interviewed companies have filled their need 
ifccrr nuclear degreed individuals . These two companies are primarily research 
ffipjeated organizations and, as a result, they believe their success is due to 
company’s work environment (creativity and quality of the staff and highly 
cancmetitive salaries). The remaining companies currently have some unfilled 
positions for nuclear degreed personnel. Some of the reasons given for those 
open positions are: 1) the somewhat limited supply of nuclear scientists and 

engineers at certain levels of education; 2) the company is undergoing a very 
rapid growth; and, 3) open positions (nuclear or npn-nuclear) are a natural 
consequence of large organizations. 

During the past five years, seventy percent of the interviewed companies 
have increased their requirements for nuclear degreed scientists and engineers. 
THiis increase is due to the companies' increased activity in the nuclear field 
and the resulting technical sophistication this technology requires. Although 
requirements for nuclear degreed scientists and engineers have increased, the 
companies are placing more of their nuclear degreed personnel in operational 
activities such as reactor safety, licensing, fuel-cycle management, etc., rather 
than in research activities. Also, the companies have begun to de-emphasize the 
employment of PhD’s while placing emphasis on the MS level. 

When these companies were asked why they don't hire more nuclear degreed 
scientists and engineers their responses included: 1) there is a great deal 
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of work which doesn’t require the technical sophistication of a nuclear engineer; 

2) the nuclear degreed individual, being so specialized, limits his overall 
usefulness to the company (the technical specialization of the nuclear engineer 
"pigeonholes” him within the company); 3) experience has shown that a degreed 
(non-nuclear) individual with some nuclear training (in-house training or through 
short courses at a university) can do as good a job as a nuclear degreed indi- 
vidual; and, 4) only a small percentage of the work, although extremely important, 
requires a nuclear degreed individual (i.e., core design, safety analysis, 
shielding, etc.)* It is interesting to note, however, that nuclear degreed 
individuals are usually placed in management positions. They are given these 
managerial responsibilities not only to direct the work activities relating to 
their technical specialization but also to provide, directly and indirectly, 
nuclear training to their other degreed (non-nuclear) personnel. 

In response to the question regarding their evaluation of the nuclear degreed 
individual’s educational training, the interviewed companies provided the following 
comments: 1) as is the case with other engineering and scientific disciplines, 

these companies have special technological and operational needs that are not 
being offered by the educational institutions; 2) the educational background of 
the nuclear degreed individual is oriented to theoretical considerations; 3) like 
most recent graduates, the nuclear degreed Individual has little concept of what 
the industrial environment is really like. In this regard, many recent MS’s 
and, in particular, PhD’s believe their job will be the same as a post-graduate 
research project. When the young graduate fails to understand the real nature 
of the industrial setting, disappointment and dissatisfaction are the usual 
consequences. 

One of the more interesting points brought out in the interviews was that 
these companies will hire nuclear degreed scientists and engineers in the 1970’s 




to assume 
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job responsibilities associated with putting nuclear power plants into 
operation. The nuclear courses these companies would like to see emphasized in 
the training of nuclear engineers are: reactor fuel technology, reactor materials, 

reactor design and analysis, and fuel-cycle management. They would also like the 

universities to emphasize fuel-cyle analysis, control theory, and systems engi- 

\ 

neering. They foresee a need for more people with radio chemistry backgrounds but 
believe this training should come under the auspices of the chemistry departments. 

What follows are a few more detailed evaluations of nuclear science and 
engineering graduates as they relate to the technical requirements of companies 
active in the reactor and reactor component design and manufacturing segment. 



n The nuclear engineer noticeably lacks a practical understanding of the 
problems facing the nuclear field today.” Specialization at the BS level results 
in an engineer with "tunnel vision." For the thermo hydraulic and mechanical 
aspects of reactor engineering, a solid background in one of the traditional 
engineering disciplines topped off with a year or so of formal work In nuclear 
reactor theory or nuclear metallurgy seems best for their needs. Although the 
companies generally classify the BS nuclear engineer as too specialized too 
soon, they believe that as the nuclear industry grows more job opportunities 
will begin to exist for people with a BS level nuclear engineering education. 

These opportunities might be expected to occur most often in the operational 
sector of the nuclear business such as AEC surveillance, utility shift supervision 



utility business management (ideally a BS nuclear engineer with a MBA) and other 
related operational activities. 

One of the interviewed companies was extremely vocal on the question of 

the relative merits of the BS nuclear engineer. This company favors the In- 
sertion of appropriate elements of nuclear technology into the classical 
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engineering disciplines at the BS level but does not favor a special BS nuclear 
engineering degree. They also feel that if the universities continue to stress 
BS nuclear engineers, engineers from other disciplines might avoid the nuclear 
field on the basis that their educational background would not be appropriate. 

This company would like to see the classical engineering disciplines adjusted for 
nuclear technology so that each BS engineering student would enter the field with 
confidence and sufficient technical background to make a meaningful contribution. 
Furthermore, this company believes that an over-emphasis on nuclear engineering 
at the BS level would leave these individuals deficient in the elements of basic 
engineering which are vital to their future success . For nuclear engineering 
students at the MS and PhD levels, there should be a greater emphasis placed on 
such areas as heat transfer, reactor materials, reactor fuel technology, etc. 

Some of the companies believe there are some very special needs arising from 
the nuclear field that may require some special education and training. These needs 
concern the matter of operating nuclear power plants. They see the emergence of 
what might be termed a nuclear technologist or nuclear operations engineer . 
Individuals are needed to supervise the technical elements of the operation of 
nuclear power plants. Areas here are: reactor control, systems dynamics, fuel 

management, health physics, environmental effects — contamination and systems 
safety. 

The primary employ^v at qualification for technician-level personnel is the 
candidate’s prior work experience and the extent of his training. Technicians 
employed in this industry work primarily in test and evaluation activities (34!?). 
About 11% of their technicians work in developmental activities; 11% in installa- 



tions, operations and maintenance activities; 9% in data collection, processing 
and analysis; 9% in technical assistance and consulting; and, the remainder in 
research, design, construction, and production activities. 
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The interviewed companies have had good success in hiring technicians during 
the past five years. They attribute this success to their geographic location 
where there is a high concentration of qualified technicians. Only one of the 
interviewed companies expected a shortage of technicians in 1973 and, as a 
result, they are establishing an in-house technician training program. 

The nuclear related courses these companies would like their technicians to 
have are: reactor instrumentation, radiological physics, radioisotope techniques, 

radiation safety, fuel handling, and health physics. If technicians have not 
had these courses, the companies provide the necessary training through "in- 
house" programs, in association with a college or technical school, or in asso- 
ciation with their vendors. 

The employment qualifications these companies consider when hiring a nuclear 
reactor operator and/or nuclear materials manager is a combination of experience 
and training. The majority of their nuclear reactor operators work in installa- 
tion, operations, and maintenance activities. The remaining nuclear reactor 
operators are employed in production, development, test and evaluation, con- 
struction, and regulatory enforcement and licensing activities. Nuclear materials 
managers work almost exclusively in regulatory enforcement and licensing although 
some also work in planning and management activities. 

None of the interviewed companies have had any difficulty in hiring nuclear 
reactor operators and nuclear materials managers. Furthermore, they do not anti- 
cipate any difficulty in filling their needs in 1970 or 1973. 

The nuclear related courses which are most applicable to these companies 1 
nuclear reactor operators are: reactor instrumentation: reactor engineering; 

radiation safety; general instrumentation; and, fuel handling. Nuclear courses 
that would benefit their nuclear materials managers are: waste disposal; reactor 

fuel technology; reactor materials; nuclear metallurgy; nuclear chemistry; radio- 
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isotope techniques; radiation safety; and, fuel handling. 

The two most reliable intrinsic factors these companies use when forecasting 
their technical manpower requirements are "sales forecasts of atomic energy 
products, materials, and/or services," and "dollar value of backorders of atomic 

i 

f energy products, materials and/or services. 11 The three most reliable extrinsic 

\ factors used by these companies in developing technical manpower requirements 

\ 

\ 

are "increasing nuclear power plants generating capacities," "general economic 
outlook," and "projections of government funds." 

Forty percent of the interviewed companies indicated that a 10% decrease in 
government funds to their companies would not affect their technical manpower 

i 

i 

estimates for 1970 or 1973. The remaining companies stated that a 10% decrease 
in government funds would result in about a 2-5% reduction in their manpower 
estimates. Generally speaking, substantial decreases in employment would occur 
only if government funds were to decrease by 20-30%, If government funds were to 
decrease by this amount, their manpower reductions would occur "across-the-board" 
but perhaps less so with nuclear degreed personnel. 
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Design and Engineering of Nuclear Facilities 

BLS Segment Definition — Design and engineering of all nuclear facilities oi ter 

than reactors. 



PRESENTATION OF STATISTICAL DATA 

In 1968, the interviewed companies employed 61.0% of all engineers, 32.9% of 
all scientists, and 50.6% of all technicians working in this segment as reported 
by BLS. The historical data for scientists, engineers, and technicians employed 
in the design and engineering of nuclear facilities segment (non-government-owned) 



are given below: 








Year 


Scientists 


Historical BLS Data 
Engineers 


(1963-1968) 

Technicians 


Totals 


1963 


80 


1,027 


634 


1,741 


1964 


57 


1,045 


924 


2,038 


1965 


60 


1,139 


848 


2,047 


1966 


87 


1,521 


864 


2,472 


1967 


111 .. 


2,222 


1,329 


3,662 


1968 


85 


2,479 


1,901 


4,465 




Data provided by the 


sample companies and 


extrapolated by the ANS 


to the 



entire design and engineering of nuclear facilities segment (privately owned) for 
1969, 1970 and 1973 are presented in Table 8. The overall growth, in technical 
manpower requirements for this segment of the atomic energy field between July 
1969 and December 31, 1973 is 48.2%. 

The percent increases between July 1969 and December 31, 1973 for each of 



the listed occupational categories are: 



Occupational Categories 

Health Physics Technicians 
and Radiation Monitors 

Nuclear Materials Managers 



% Increase Between July 1969 
and December 31, 1973 

167.5% 

162.5% 



Numerical Increase 
Between July 1969 
and December 31. 1973 

134 
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Table 8 

- DESIGN AND ENGINEERING OF NUCLEAR FACILITIES - 
CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS 
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973. 

(Data Include only personnel employed by private ly-owned companies active in design and engineering of nucleor facilities who spend 
□ t least 50% of their working time in atomic energy activities.) 



OCCUPATIONAL CATEGORIES 


CURRENT 
EMPLOYMFN + 


1*570 


INCREASE/ 

DECREASE 


1973 


INCREASE/ 

DECREASE 


PHYSICAL SCIENTISTS 


228 


2G8 


+ 10 


274 


+36 


LIFE SCIENTISTS 


24 


25 


+1 


33 


+8 


engineers 


1,685 


2,018 


+333 


2,374 


+356 


MATHEMATICIANS 


96 


107 


+ 11 


123 


+ 16 


DRAFTSMEN 


1,458 


1,762 


+304 


2,513 


+751 


ELECTRICAL & ELECTRONICS 

technicians 


57 


42 


-15 


47 


+5 


OTHER ENGINEERING TECHNICIANS 


322 


194 


•Ld 


287 


+93 


HEALTH PHYSICS TECHNICIANS & 
RADIATION MONITORS 


80 


149 


+69 


214 


+65 


OTHER TECHNICIANS 


86 


80 


*6 


88 


+8 


NUCLEAR REACTOR OPERATORS 


4 


6 




8 


+2 


NUCLEAR MATERIALS MANAGERS 


24 


42 


+ 18 


63 


+21 


TOTALS 


4,064 


4,663 - 


+599 


6,024 


+1,361 
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DESIGN AND ENGINEERING OF NUCLEAR FACILITIES 



Numerical Increase 

(contM) % Increase Between July 1969 Between July 1969 

Occupational Categories and December 31, 1973 and December 31, 1973 



Nuclear Reactor Operators 


100.0% 


4 


Draftsmen 


72,4% 


1,055 


Engineers 


40.9% 


689 


Life Scientists 


37.5% 


9 


Mathematicians 


28.1% 


27 


Physical Scientists 


20.2% 


46 


Other Technicians 


2.3% 


2 


Other Engineering Technicians 


-10.9% 


-35 


Electrical /Electronics 
Technicians 


-17.5% 


-10 


TOTALS 


48.2% 


1,960 



Together, the occupational categories of engineers and draftsmen represent 
nearly 89.0% of the estimated technical manpower this segment will hire to fill 
new positions between 1969 and 1973. The large increase, percentagewise, in 
the* health physics technicians category reflects the requirements of only fifteen 
percent of the seven interviewed companies. 

Consolidating the above occupational categories into three broad categories 
of scientists, engineers, and technicians, shows the following percent increases 
between 1969 and 1973: 



% Increase Between July 1969 
Occupational Categories and December 31, 1973 

Technicians (Includes 58.5% 

Draftsmen, Nuclear Reactor 
Operators and Nuclear 
Materials Managers) 

Engineers 40.9% 



Numerical Increase 
Between July 1969 
and December 31, 1973 



1,189 



689 



Scientists (Includes 23.6% 

Mathematicians) 



82 
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DESIGN AND ENGINEERING OF NUCLEAR FACILITIES 

Approximately 88.7% of this segment's requirement for technicians will be for 
draftsmen. , This is probably due to the fact that these organizations have had 
enough experience in nuclear facilities design and engineering and, therefore, 
for subsequent design standardization, draftsmen will be taking over a greater 
portion of the work. 

Chart 9 represents the actual historical BLS technical manpower data (1963- 
1968) for the entire non- government- owned companies active in design and engineer- 
ing of nuclear facilities segment and ANS projections of this segment’s require- 
ments for technical personnel through 1973. The large drop in the engineer 
category between 1968 and 1969 may be due to the problem of identifying, at any 
point in time, the number of technical people who spend at least 50% of their 
working time in atomic energy activities in that these organizations assign their 
pexysonnel to a number of projects throughout the year of which nuclear projects are 
just a few. The result is that the companies in this segment of the atomic energy 
field probably have difficulty identifying members of their staff who spend at 
least 50% of their time on nuclear related projects. 

Currently, there are 30 nuclear scientists and 118 nuclear or reactor engi- 
neers employed by the privately owned companies active in this segment of the 
atomic energy field. Between 1969 and 1970, these companies expect to hire an 
additional 36 nuclear scientists and 98 nuclear or. reactor engineers to fill new 
positions. 

The percentage of currently employed scientists and engineers with a 
particular educational background to the total number of scientists and engineers 
are as follows: 

Number of Currently 
% of Currently Employed Employed Scientists 

Educational Background s Scientists and Engineers and Engineers 



Mechanical Engineering 



36.4% 



705 



- NUMBER OF SCIENTISTS, ENGINEERS AND TECHNICIANS - 



Chart 9 



EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTP /E J* P ES IG H AHD EMMEjEgJH Q 

OF Nun EAR FACILITIES SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOR EACH YEAR 
EXTENDING FROM 1963 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR STAT^T'CS) , \ND ANS PROJECTIO 
OF THE TEChNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973. 
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DESIGN AND ENGINEERING OF NUCLEAR FACILITIES 



Number of Currently 
Employed Scientists 
and Engineers 



(Cont'd) % of Currently Employed 

Educational Backgrounds Scientists and Engineers 



Civil Engineering 


16.7% 


324 


Electrical/ Electronics 
Engineering 


15.0% 


292 


Other Engineering Disciplines 


9.1% 


175 


Chemical Engineering 


7.3% 


141 


Nuclear or Reactor Engineering 


6.4% 


128 


Physics 


3.4% 


66 


Metallurgical Engineering 


1.5% 


29 


Chemistry 


1.3% 


25 


Nuclear Physics 


0.7% 


14 


Other Science Disciplines 


0.7% 


14 


Geology and Geophysics 


0.5% 


11 


Metallurgy 


0.4% 


7 


Nuclear Chemistry 


0.3% 


4 


Health Physics 


0.3% 


2 


TOTALS 


10OvO% 


1,937 



Of the currently employed nuclear degreed scientists and engineers, 37.3% 
have BS's; 49.4% have MS's; and, 13.2% have PhD's. Of the other degreed (non- 
nuclear) personnel currently employed in this segment of the atomic energy field, 
75.1% have BS's; 21.1% have MS's; and, 3.8% have PhD's. 

The annual requirements for nuclear degreed scientists and engineers between 
July 1969 and December 31, 1973 to fill new positions are: 
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ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED 
PERSONNEL TO FILL NEW POSITIONS 

Year Scientists Engineers 



1969 (6 mo.) 6 

1970 13 

1971 5 

1972 6 

1973 6 



15 

29 

18 

18 

18 



£ o 

Ieric 

k£UUIIBSI3MJ 



In addition to this segment’s need for nuclear degreed scientists and 
engineers to fill new positions, allowances for attrition must also be included 
to arrive at the segment's total technical manpower reqxiirements of nuclear 
degreed personnel. (Allowances for attrition are the same as those used pre- 
viously in this report: 8.4% for scientists and 7.6% for engineers.) 



Nuclear Scientists Nuclear Engineers 



Year Growth 


Replacement 


Total 


Growth 


Replacement 


Total 


1969 (6 mo.) 


6 


3 


9 


15 


9 


24 


1970 


13 


4 


17 


29 


12 


41 


1971 


5 


4 


9 


18 


13 


31 


1972 


6 


5 


11 


18 


14 


32 


1973 


6 


6 


12 


18 


16 


34 


TOTALS 


36 


22 


58 


98 


64 


162 


Average Annual 
Incremental 
Requirements 
(4% yrs. ) 8.0 


4.9 


12.9 


21.8 


14.2 


36.0 



Between July 1969 and December 31, 1973, 220 nuclear degreed personnel will 
be needed by all privately owned companies active in the design and engineering of 
nuclear facilities segment. This requirement averages out to about 49 nuclear 
degreed scientists and engineers each year to fill new and replacement positions 
within these organizations . 
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SUMMATION OF IN-DEPTH INTERVIEWS 

When evaluating potential employees, these companies do not consider the 
candidate* s earned level of degree £3 being more important than his demonstrated 
ability. Level of degree is considered only as a measure of the candidate’s 
extent of education. In the case of the recent graduate, level of degree plays 
a more important role but these companies still place considerable emphasis on the 
candidate's potential usefulness to the company. 

Specif ically , these organizations look for the experienced man — experienced 
in the technology in which the company needs additional support. What the 
potential employee’s qualifications should be are determined by the ’’job de- 
scription” prepared by the requisitioning supervisor who stipulates the re- 
quired training, experience, and education. 

Degreed (non-nuclear) personnel work primarily in design activities al- 
though some also work in development, standards and specifications, and manage- 
ment activities. 

The majority of the interviewed companies have had little, if any, difficulty 
in filling their need for degreed (non-nuclear) personnel during the past five 
years. They attribute their success not only to the traditional considerations 
of company benefits, nature of the work, etc., but also to the fact .that their 
company is located in an ideal geographical area of the country. 

The remaining companies have experienced considerable difficulty attracting 
degreed individuals to adequately fill their requirements. Specifically, these 
organizations have not been able to hire enough project engineers in mechanical, 
electrical, or civil engineering. 

With regard to the future supply of degreed (non-nuclear) individuals, most 
of the interviewed companies anticipate no trouble in meeting their technical 
manpower requirements while a few of the remaining companies do foresee a 
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continuing recruitment problem. They see this difficulty arising from the in- 
creasing number of technological industries and their subsequent technical manpower 
demands coupled with apparent reductions in engineering enrollments. 

The overwhelming opinion of the interviewed companies was that nuclear- 
related survey courses should be incorporated in the undergraduate classical 
engineering curriculums. Generally speaking, these organizations prefer the engi- 
neer who has been trained in a classical engineering discipline and who has had 
one or two courses in nuclear technology. This type of individual is more 
valuable because his training is broad enough to allow him flexibility in assum- 
ing various company assignments. 

Some of the nuclear courses these companies would like their degreed 
(non-nuclear) employees to take are waste disposal, radiation shielding, reactor 
engineering, reactor analysis, fuel-cycle management, and radiation shielding. 

They would also like the universities to establish more courses in licensing 
and computer science and data analysis. Courses in business economics would 
also be beneficial. 

The companies use the same approach when hiring a nuclear degreed scien- 
tist or engineer as they do when they hire a scientist or engineer iu general. 

The reason why these organizations have hired and are continuing to hire nuclear 
degreed scientists and engineers is because the companies need expertise in an 
area of technology which is not cu rently available from the present staff. 

In addition to hiring a nuclear degreed individual to ensure the companies’ 
nuclear capabilities, the nuclear degreed individual is also expected to provide 
nuclear training for the rest of the technical staff. It must be realized that 
the nuclear degreed person is hired to fill a technological void existing within 
the company — when specialized knowledge is needed, they hire a specialist! 
However, the work performed by the nuclear degreed individual amounts to less 
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than 5% of the total project 1 s design and engineering requirements and, as the 
rest qf the staff gnins competency in nuclear technology, there is little need 
to hire more nuclear degreed individuals. The specific tasks the \ -i^ar engineer 
is responsible for are; safety analysis, reactor shielding, licensing, fuel-cycle 
management, and radiation safety considerations. The reason why these companies 
do not hire more nuclear degreed scientists and engineers is that they (the 
companies) have been successful in applying the traditional engineering disci- 
plines to nuclear applications. 

Generally speaking, the companies believe the nuclear degreed individual 
to be very competent in his field of endeavor. However, it is also this spe- 
cialization that the companies criticize. Because the nuclear degreed individual 
is so specialized, his flexibility within the organization is somewhat limited 
unless he has managerial potential. For these companies, the really useful man 
is the one who has a broad background in applied engineering. Such an individual 
is rarely "pigeon-holed* 1 within the organization. 

All interviewed companies have increased their requirements for nuclear 
degreed personnel during the past five years and foresee a continuing increase 
in their requirements through 1973. Thi3 increase, although- -small in comparison 
to their overall manpower requirements, is due to their awareness of the expertise 
a nuclear degreed scientist or engineer brings to the job. 

Technicians are hired without too much concern with their education and 
training, as these organizations are willing to provide lf in-house* V training 
programs. Obviously , the companies would like to hire qualified professional 
technicians but, because of the acute shortage of these individuals, the com- 
panies are beginning to hire a greater number of untrained individuals and training 
them themselves. Because of the extreme shortage of professional technicians, 
technicians are more mobile because companies in all technological industries 
are willing to pay a premium for their services . It is also interesting to note 
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how highly these organizations value Navy trained technicians. 

Technicians employed by these companies work almost exclusively in design 
activities. For their professional technicians, the companies would like them 
to have some coursework in waste disposal, radiation sheilding, reactor instru— 
mentation, and radiation shielding. 

The primary extrinsic factors these companies consider when forecasting their 
technical manpower requirements are "nuclear power plant generating capacities, 
"possible new applications of atomic energy," and "projections of government 
funds , " 

Intrinsic factors considered most reliable are entries into new markets 
and "anticipated expansion of plant facilities and/or new acquisitions." One 
company, essentially a research and development organization, selected "pro- 



jections of government funds to their company." This same company indicated 
that their manpower projections would be adversely affected by a 10% decrease 
in government funds. Such a decrease, they believe, would result in about a 



2-3% reduction in their estimates for nuclear degreed individuals and a 9-10% 
decrease in their estimates for other degreed personnel. 
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Radioactive Waste Disposal 

BLS Segment Definition — The packaging and disposal of radioactive waste materials ^ 

inciting both byproduct and source material wastes . 
Includes associated research and development activities . 



PRESENTATION OF STATISTICAL DATA 



In 1968, the sample represented 22,2% o£ all scientists, engineers and 



technicians working 


in this segment as reported 


by the RLS. The 


historical BLS 


data for 


scientists , 


engineers, and technicians 


working in the radioactive waste 


disposal 


segment are 


given below: 










Historical BLS Data 


(1963-1968) 




Year 


Scientists Engineers 


Technicians 


Totals 


1963 


2 


22 


51 


75 


1964 


3 


5 


22 


30 


1965 


7 


5 


24 


36 


1966 


0 


4 


29 


33 


1967 


6 


1 


6 


13 


1968 


5 


4 


18 


27 



The sample data was extrapolated by the ANS to the entire radioactive waste 
disposal segment for 1969, 1970, and 1973. The results are presented in Table 9. 
The overall growth of technical manpower requirements for companies in this seg- 
ment of the atomic energy field between July 1969 and December 31, 1973 is 86.2%. 

The percent increases between 1969 and 1973 for each of the listed occu- 
pational categories are: 



Occupational Categories 



% Increase Between July 1969 
and December 31, 197 3 



Numerical ^increase 
Between July 1969 
and December 31, 1973 



Engineers 

Other Technicians 

Health Physics Technicians 
and Radiation Monitors 



105.3% 

86 . 2 % 

76.9% 



20 

50 







30 



T oble 9 



_ RADIOACTIVE WASTE DISPOSAL. - 

CURRENT (1969) EMPLOYMENT OF SC IE NT (Si S ( . ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS 
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973. 

(Data include only personnel employed by privately-owned companies active in radioactive waste disposal who spend at least 50 /d of 
their working time in atomic energy activities.) 



OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ 

DECREASE 


1973 


INCREASE 

DECREASE 


ENGINEERS 


(16.7) 

19 


(17.5) 

27 


+8 


(17.9) 

39 


+ 12 


HEALTH PHYSICS TECHNICIANS & 
RADIATION MONITORS 


(33.3) 

39 


(32.5) 

50 


+ 11 


(32.1) 

69 


+19 


OTHER TECHNICIANS 


(50.0) 

58 


(50.0) 

77 


+ 19 


(50.0) 

108 


I +31 


TOTALS 


(100.0) 

116 


(100.0) 

154 


+38 


(100.0) 

216 


+62 
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Chart 10 



EMPLOYMENT Of SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE RADIOACTIVE WASTE 
DISPOSAL SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOR EACH YEAR EXTENDING FROM 
1963 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF THE 
TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973, 




TOTALS 



TECHNICIANS 



ENGINEERS 



SCIENTISTS 









RADIOACTIVE WASTE DISPOSAL 



•Technicians make up not only the majority of the currently employed personnel 
but also the projected technical manpower requirements. The large increase 
percentagewise in the engineer category is probably related to a desire by these 
companies to establish more service centers and burial sites throughout the U.S. 

Chart 10 represents the actual historical BLS technical manpower data (1963- 
1968) for the non*government~owned companies active in the radioactive waste dis- 
posal segment, and ANS projections of this industry's requirements for technical 
personnel through 1973. 

Nuclear degreed scientists or engineers have not been employed in this seg- 
ment of the atomic energy field nor do they expect to hire any in the future. 

The percentage of currently employed engineers with a particular educational 
background to the total number of engineers are as follows: 



Educational Backgrounds 



% of Currently Employed 
Engineers 



Number of Currently 
Employed Engineers 



Chemical Engineering 



52.4% 



11 



Chemistry 21.1% 

Mechanical Engineering 21.1% 



TOTALS 



100 . 0 % 



21 



Of the currently employed degreed (non-nuclear) engineers, 78.9% have 
BS’s and 21.1% have PhD’s, 



SUMMATION OF IN-DEPTH INTERVIEWS 

When hiring degreed personnel, experience is considered as the primary 
employment qualification. This is also true when hiring technician-level per- 
sonnel. The radioactive waste disposal Industry is r .xtremely small and, as a 
result, it does not have the capability to provide either extensive or formalized 
training programs for the untrained individual. 
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Engineers are employed primarily to work in activities associated with 
installations, operations, and maintenance and management. Technicians, on the 
other hand, work exclusively in installations, operations, and maintenance 
activities. 

There has been good to excellent success in hiring enough engineers to fill 
their manpower requirements during the past five years. Furthermore, they do not 
foresee any difficulty in attracting enough engineers in 1970 or 1973. With re- 
gard to the hiring of technicians, there has b^en only fair to good success. 

The technical requirements of this segment of the atomic energy field are 
such that they do not need the technical sophistication of a nuclear degreed 
scientist or engineer. However, they would prefer their engineers to have some 
nuclear training in the areas of radiation shielding, radioisotope techniques, 
health physics, radiation safety, and instrumentation. Some training or course- 
work in health physics, radiation safety, and instrumentation is recommended for 
technicians employed in this segment of the atomic energy field. 

In forecasting manpower requirements, amphasis is placed on the "estimated 
nuclear power plant generating capacities . r 






Nuclear Instrument Manufacturing 

BLS Segment Definition — Reporting units engaged in manufacturing instruments 

priority for the atomic energy field , such as 
accessory instrumentation for reactor controls, 
radiation detection instruments and hot laboratory 
equipment, including manipulators . 

PRESENTATION OF STATISTICAL BATA 

In 1968, the interviewed companies employed 35.8% of all engineers, 51.6% 
of all scientists, and 31.1% of all technicians working in this segment as re- 
ported by BLS. The historical data for scientists, engineers, and technicians 
employed in the nuclear instrument manufacturing segment (non- government -owned) 



are given below: 



Y°ar 


Scientists 


Historical BLS Data 
Engineers 


(1963-1968) 

Technicians 


Totals 


1963 


219 


805. - 


1,004 


2,029 


1964 


236 


902 


1,296 


2,434 


1965 


279 


826 


1,166 


2,271 


1966 


320 


662 


1,350 


2,332 


1?67 


233 


813 


1,437 


2,483 


1968 


186 


670 


1,199 


2,055 



Data provided by the sample companies and extrapolated by the ANS to the 
entire nuclear instrument manufacturing segment (privately owned) for 1969, 1970, 
and 1973 are presented in Table 10. The overall growth in technical manpower 
requirements for this segment of the atomic energy field between July, 1969 and 
December 31, 1973 is 40.2%. 

The percent increases between July 1969 and December 31, 1973 for each of 
the listed occupational categories are: 
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Tabic 10 

- NUCLEAR INSTRUMENT MANUFACTURING - 

CURRENT (1969) EMPLOYMENT OF SCIENTISTS. ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS 
PROJECTIONS OF TECHNICAL MANPOWER REOUIREMENTS FOR 1970 AND 1972. 

(Data Include only personnel employed by privately-owned companies octive in nuclear instrument manufacturing who spend ct least 
50% of their working time In atomic energy activities.) 



OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ ! 
DECREASE 


1973 


INCREASE/ 

DECREASE 


PHYSICAL SCIENTISTS 


180 


198 


+18 


243 


+50 


LIFE SCIENTISTS 


31 


37 


+6 


54 


+ 17 


ENGINEERS 


681 


*» 


+50 


913 


+182 


MATHEMATICIANS 


12 


19 


+7 


25 


+6 


DRAFTSMEN 


120 


126 


+6 


183 


+57 


( ELECTRICAL & ELECTRONICS 
TECHNICIANS 


795 


875 


+80 


1, 135 


+260 


OTHER ENUlNtERING TECHNICIANS 


53 


66 


+13 


106 


+40 


HEALTH PHYSICS TECHNICIANS & 
RADIATION MONITORS 


13 


12 




22 


+ 10 


LIFE SCIENCE TECHNICIANS 


14 


13 


-1 


26 


+13 


PHYSICAL SCIENCE TECHNICIANS 


135 


173 


-12 


221 


+48 


OTHER TECHNICIANS 


105 


106 


+ 1 


135 


+29 


TOTALS 


2,189 


2,356 


+16'' 


3,068 


+712 
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Occupational Categories 

Mathematicians 

Other Engineering 
Technicians 

Life Science 
Technicians 

Life Scientists 

Health Physics Technicians 
& Radiation Monitors 

Draftsmen 

Electrical/Electronics 

Technicians 

Physical Scientists 

Engineers 

Other Technicians 

Physical Science 
Technicians 

TOTALS 



% Increase Between July 1969 
and December 31, 1973 

108.3% 

100 . 0 % 

85.7% 

74.2% 

69.2% 

52.5% 

42.8% 

37.8% 

34.1% 

28.6% 

19.5% 

40.2% 



Numerical Increase 
Between July 1969 
and D ecember 31. 1973 

13 

53 

12 

23 

9 

63 

340 

68 

232 

30 

36 

879 



Consolidating the above occupational categories into three hr^^d categories 



of scientists, engineers and technicians, shows the following percent increases 
between July 1969 and December 31, 1971 i 



Numerical Increase 

% Increase Between July 1969 Between July 1969 



Occupational Categories 


and December 31, 1973 : • 


and December 31, 1973 


Scientists (Includes 


46.6% 


104 


Mathematicians > 


Technicians (Includes 


42.3% 


543 


Draftsmen) 


Engineers 


34.1% 


232 



The scientist category shows the largest percent increase reflecting, perhaps. 



this segment 1 s entry or greater involvement in the reactor area monitoring 





NUCLEAR INSTRUMENT MANUFACTURING 

instrumentation and nuclear medicine instrumentation. It Is also evident that as 
thsir products become commercially available , a greater number of techr»xv.ian 
level personnel will be needed for functions such as quality control, installation, 
maintenance, etc. 

Chart 11 represents the actual historical BLS technical manpower data (1963- 
1968) for the non-government- owned companies active in nuclear instrument manu- 
facturing activities and ANS projections of the industry's requirements for 
technical manpower through 1973. Only the technician category shows any significant 
change between the historical and projected data. Both the engineer and scientist: 
categories remain essentially the same between 1963 and 1973. 

Currently, there are 29 nuclear scientists and 6 nuclear engineers employed 
by the privately owned companies active in this segment of the atomic energy field. 
These companies, however', expect to hire an additional 27 nuclear scientists to fill 
new positions between 1969 and 1973. None of the companies are planning to hire 
additional nuclear engineers during this same time period. 

Percentages of currently employed scientists and engineers with a. particular 
educational background to the total number of scientists and engineers are as 
follows : 



Number of Currently 
% of Currently Employed Employed Scientists 



Educ at ional Backgr o unds 


Scientists and Engineers 


and Engineers i 


Electrical /Electronics 
Engineering 


52.0% 


467 ; 

f 


Chemistry 


13.0% 


117 1 


Mechanical Engineering 


10.1% 


9i 


Physics 


8.7% 


78 ! 

) 


Chemical Engineering 


4.0% 


36 


Other Science Disciplines 


2.9% 


26 j 

i 
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- NUMBER OF SCIENTISTS, ENGINEERS AND TECHNICIANS - 



CKort 11 

EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE NUCLEAR INSTRUMENT 
MANUFACTURING SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOR EACH YEAR EXTENDING 
FROM 1963 THROUGH 1968 {AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF 
THE TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973- 





TOTALS 



TECHNICIANS 



ENGINEERS 



SCIENTISTS 



NUCLEAR INSTRUMENT MANUFACTURING 
(Cont T d) 

Occupational Categories 


% of Currently Employed 
Scientists and Engineers 


Number of Currently 
Employed Scientists 
and Engineers 


Nuclear Physics 


2.4% 


20 


Biology 


2.4% 


21 


Other Engineering Disciplines 


5^ 

• 

<N 


21 


Health Physics 


1.2% 


8 


Nuclear Chemistry 


0.9% 


7 


TOTALS 


100.0% 


892 



Of the currently employed nuclear degreed scientists and engineers, 18. 8% 
have BS f n ; 62.5% have MS T s; and 18.7% have PhD's. Of the other degreed (non- 
nuclear) personnel currently employed in this segment of the atomic energy field, 
81.5% have BS's; 15.0% have MS's; and 3.5% have PhD's. 

Annual requirements for nuclear degreed scientists and engineers between 
July 1969 and December 31, 1973 to fill new positions are: 

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED 
PERSONNEL TO FILL NEW POSITIONS 



Year 



Scientists 



Engineers 



1969 (6 mo.) 

1970 

1971 

1972 

1973 



4 
8 

5 
5 
5 



0 

0 

0 

0 

0 



In addition to this segment's need for nuclear degreed scientists to fill 
new positions, allowances for attrition must also be Included to arrive at the 
total technical manpower requirements of privately owned companies active in the 
nuclear instrument manufacturing activities for nuclear degreed personnel. (Allow- 
ances for attrition are the same as those used previously in this report: 8.4% 

for scientists and 7.6% for engineers.) 
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NUCLEAR INSTRUMENT MANUFACTURING 
Nuclear Scientists Nuclear Engineers 



Year 


Growth 


Replacement 


Totals 


Growth 


Replacement 


Totals 


1969 (6 mo.) 


4 


2 


6 


0 


1 


1 


1970 


8 


3 


11 


0 


1 


. 1 


1971 


5 


3 


8 


0 


1 


.1 


1972 


5 


4 


9 


0 


1 


1 


1973 


_5 


5 


10 


0 


1 


1 


TOTALS 


27 


17 


44 


0 


5 


5 


Average Annual 
Incremental 
Requirements 
(4H yrs . ) 


6,0 


3.8 


9.8 


0.0 


1.1 


1.1 



Between July 1969 and December 31, 1973 a total of 49 nuclear degreed person- 
nel will be needed by all privately owned companies active in the nuclear instru- 
ment manufacturing segment* This total requirement averages out to about 11 
nuclear degreed scientists and engineers each year to fill new and replacement 
positions within these organizations. 

SUMMATION OF IN-DEPTH INTERVIEWS 

These companies evaluate degreed (non-nuclear) scientists in relation to 
the candidate's education and experience. However, the primary employment 
qualification for degreed (non-nuclear) engineers is the extent of the candidate's 
experience in the electronics field. The interviewed companies prefer to hire 
engineers who can design and develop products. Their primary interest, therefore, 
is in the applications oriented individual. Level of degree is evaluated only as 
a means of identifying what the individual is capable of doing. These companies 
hire very few recent graduates. 

Degreed (non-nuclear) scientists and engineers work primarily in company 
activities associated with technical assistance and consulting (49%) » Their 
remaining degreed employees work in design and development (12%), test and evalua- 
tion (9%), research (7%), management (62%), and production (5%) activities. 
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The interviewed companies have had only fair to good success in filling 
their needs for qualified degreed (non-nuclear) scientists and engineers. What 
difficulty they have is attributed to the extremely high salary scales these 
people, are demanding. Probably the only effective selling point these organiza- 
tions have is the excellent growth potential the scientist or engineer has with 
small but growing companies. 

In the near future, these companies foresee even greater difficulty in fill- 
ing their requirements for degreed (non-nuclear) personnel. Two of the major 
reasons given for this anticipated technical manpower shortage are: 1) the 

reduction in student enrollments in engineering and the concurrent effect of 
the draft on graduate enrollments, and 2) because of the National Science Founda- 
tion's and other government agencies' funding cutbacks, many professors have left, 
or will probably leave the universities for employment elsewhere, thus affecting 
the quality of future graduates. 

By the early 1970's, these organizations will be hiring a greater number 
of environmental scientists such as biochemists, biologists, etc. They also 
expect to hire more engineering specialists — especially mechanical engineers 
for design and development activities. 

The majority of the companies would like their degreed (non-nuclear) 
scientists and engineers to have some coursework in nuclear science and engineer- 
ing. This added knowledge can but only add to the organization's overall compe- 
tency and competitiveness in the nuclear instrumentation field. Some of the 
nuclear related courses which would be most applicable to the technical environ- 
ments of these companies are; radiocheraistry , instrumentation, radioisotope 
techniques, nuclear chemistry, health physics, and nuclear physics. 

The majority of the interviewed companies have hired nuclear degreed 
scientists and engineers while the remaining companies have not. For those 
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companies that have not hired nuclear degreed people, the reasons given were: 

1) the company 1 s current product-line does not require the sophisticated knowl- 
edge of nuclear technology; 2) they (the companies) consider themselves to be 
electronics organizations and, the fact that they sell to the nuclear field, 
is incidental; and, 3) the companies have been successful with a staff composed 
primarily of electrical/ electronics engineers and mechanical engineers and they 
see no reason for changing. For those companies which have hired nuclear degreed 
individuals, the reason they do so is because of the contacts the nuclear degreed 
individual has within the nuclear field and for research conceptualization 
purposes . 

Nuclear degreed personnel work primarily in research, development, test 
and evaluation, design, and management activities. 

These companies have not employed many nuclear degreed scientists and 
engineers and, therefore, have not had too much difficulty in filling their 
requirements for these types during the past five years. They do not foresee 
any difficulty in the near future in attracting nuclear degreed scientists and 
engineers, although a few of the companies are planning to hire more nuclear 
degreed individuals. This increased need for nuclear degreed personnel is due 
to the companies' anticipated involvement in nuclear physics research. 

In evaluating the educational training received by nuclear degreed scientists 
and engineers, these organizations stated that the educational backgrounds of 
nuclear degreed individuals places too much emphasis on experimental considera- 
tions and not enough on what and how things work. They also believe that graduate 
students should receive more coursework in the environmental sciences. 

Regarding the employment of technician-level personnel, these organizations 
prefer graduates of electronics schools or individuals who have been trained at 
another electronics company. Technicians need more than just a high school 
diploma to qualify for employment in this industry. 



NUCLEAR INSTRUMENT MANUFACTURING 

Most technicians (50%) work in activities associated with installations, 
operations, and maintenance. Another third of the technicians work in test and 
evaluation activities. The rest of the technicians work in production, research 
and development, and data collection, processing, and analysis activities. 

AH of the interviewed companies have had difficulty hiring qualified tech- 
nicians during the past five years. In this industry, there is about a 6-8% annual 
turnover of technician-level personnel. However, they (the companies) are cau- 
tiously optimistic regarding the future supply of technicians. If the future 
supply of technicians should fall short of the demand, these organizations are 
prepared to expand their "in-house" training programs. 

Some of the nuclear science and engineering courses these companies would 
like their professional technicians to take are: radioisotope techniques, nuclear 
chemistry, health physics, and nuclear physics. 

The three most reliable extrinsic factors these companies consider when 
projecting their future technical manpower requirements are; the 'general 
economic outlook," "projections of overall gove nment funds," and "possible new 
applications of atomic energy." The most relir a intrinsic factors are: "sales 

forecasts," "entries into new markets," "dolla ,alue of shipments," and "pro- 
jections of government funds to their company * 

Although these organizations are somewhat dependent upon government funds , 
none of them felt that a 10% cutback in government funds to their company would 
significantly affect their manpower projections for 1970 and 1973. Generally 
speaking, these companies have expanded their markets to reduce their historical 
dependency on government funds • 



Processing and Packaging Radioisotopes 

BLS Segment Definition — Reporting units primarily engaged in these activities 3 

and in the development and manufacture of shipping 
containers for isotopes* 

PRESENTATION OF STATISTICAL DATA 

In 1968, the interviewed companies employed 9.1% of all engineers, 63.4% 
of all scientists, and 47.0% of all technicians working in this segment as re- 
ported by BLS. The historical data for scientists, engineers, and technicians 
employed in the processing and packaging radioisotopes segment (non-government- 
owned) are given below: 



Historical BLS Data (1963-19 68) 



Year 


Scientists 


Engineers 


Technicians 


Totals 


1963 


102 


25 


102 


229 


1964 


118 


22 


142 


282 


1965 


130 


30 


186 


346 


1966 


175 


28 


216 


419 


1967 


228 


39 


282 


549 


1968 


205 


22 


251 


478 




Data provided by the 9ampl< 


a companies and 


extrapolated by the ANS 


to the 


entire processing and packaging 


radioisotopes 


industry (privately owned) for 


1969 


, 1970, and 1973 are presented in Table 11 


. The overall growth in 


technical 



manpower requirements for this segment of the atomic energy field between July 
1969 and December 31, 1973 is 110.5%. 

Percentage increases between July 1969 and December 31, 1973 for each of 
the listed occupational categories are: 



- 113 — 



Toble 11 

- PROCESSING AND PACKAGING RADIOISOTOPES - 

CURRENT (1969) EMPLOYMENT OF SCIENTISTS. ENGINEERS AND TECHN,C,AN % B ^° C ^YJn N ,t7 3 CATEG0RIES ^ ^ 
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AMD 1973. 

(Doto include only personnel employed by privo.ely-owned- componies active in processing and packaging radioisotopes who spend a. 

least 50% of their working time in atomic energy activities.) 



OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ 

DECREASE 


1973 


INCREASE/ 

DECREASE 


PHYSICAL SCIENTISTS 


132 


185 


+53 


239 


+54 


LIFE SCIENTISTS 


117 


171 


+54 


220 


+49 


ENGINEERS 


22 


44 


+22 


81 


’ +37 


DRAFTSMEN 


- 


- 


- 


3 


+3 


ELECTRICAL & ELECTRONICS 
TECHNICIANS 


2 


4 


+2 


11 


+7 


HEALTH PHYSICS TECHNICIANS & 
RADIATION MONITORS 


25 


34 


+9 


49 


+ 15 


LIFE SCIENCE TECHNICIANS 


49 


72 


+23 


101 


+29 


PHYSICAL SCIENCE TECHNICIANS 


148 


210 


+62 


338 


+ 128 


NUCLEAR MATERIALS MANAGERS 


- 


- 


- 


- 


- 


TOTALS 


495 


720 


+225 


1,042 


+322 



o 

ERIC 



- 114 - 



PROCESSING AND PACKAGING RADIOISOTOPES 



Numerical Increase 

% Increase Between July 1969 Between July 1969 

Occupational Categories and December 31, 1973 a nd December 31, 1973 



Electrical/Electronics 

Technicians 


450.0% 


9 


Engineers 


268.2% 


59 


Physical Science 
Technicians 


128.4% 


190 


Life Science Technicians 


106.1% 


52 


Health Physics Technicians 
& Radiation Monitors 


96. C% 


24 


Life Scientists 


88.0% 


103 


Physical Scientists 


81.1% 


107 


TOTALS 


110.5% 


547 



Consolidating the above occupational categories into three broad categories 
of scientists, engineers, and technicians, shows the following percent increases 
between 1969 and 1973: 

Numerical Increase 

% Increase Between July 1969 Between July 1969 
Occupational Categories and December 31, 1973 and December 31, 1973 

Engineers 268.2% 59 

Technicians (Includes 124.1% 278 

Draftsmen) 

Scientists 84.3% 210 

Chart 12 represents the actual historical BLS technical manpower data (1963- 
1968) for the non- government-owned companies active in the processing and packag- 
ing radioisotopes segment and ANS projections of the segment's requirements for 
technical personnel through 1973. Although scientists will comprise the largest 
group in 1969 and 1970, technicians will again become the largest occupational 
group by 1973. 

Currently, there are 15 nuclear scientists employed by the privately owned 
companies active in this segment of the atomic energy field. These companies. 
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EMPLOYMENT OF SCIENTISTS. ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE PROCESSING AND PACKAG- 
ING RADIO I SOTOPES SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOR EACH YEAR EXTENDING 
FROM 1963 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF 
THE TECHNICAL MANPOWER REQUIREMENTS FOR 1969. 1970 AND 1973. 
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TOTALS 



TECHNIC IANS 
SCIENTISTS 



ENGINEERS 
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however, expect to hire an additional 21 nuclear scientists and 22 nuclear engineers 
to fill new positions between 1969 and 1973. The 22 nuclear engineers will be 
hired during the period extending from January 1, 1971 through 1973. 

Percentages of currently employed scientists and engineers with a particular 
educational background to the total number of currently employed scientists and 
engineers are as follows: 

Number of Currently 



Educational Backgrounds 


% of Currently Employed 
Scientists and Engineers 


Employed Scientists 
and Engineers 


Chemistry 


55.3% 


151 


Biology 


20.0% 


55 


Other Science Disciplines 


14.0% 


38 


Nuclear Chemistry 


2.7% 


7 


Electrical/ Electronics 


2.0% 


6 


Engineering 






Health Physics 


2.0% 


5 


Mechanical Engineering 


1.5% 


4 


Other Nuclear Sciences 


1.3% 


3 


Other Engineering Disciplines 


1.2% 


2_ 


TOTALS 


100.0% 


271 



Of the currently employed nuclear degreed scientists, 22.3% have BS’s? 
33.3% have MS’s; and, 44.4% have PhD’s. Of the other degreed (non-nuclear) 
personnel currently employed in this segment of the atomic energy field, 68,6% 
have BS’s; 12.9% have MS f s; and, 18.5% have PhD’s. 

The annual requirements for nuclear degreed scientists and engineers 
between July 1969 and December 31, 1973 to fill new positions are: 
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Year 



ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED 
PERSONNEL TO FILL NEW POSITIONS 

Scientists 

4 

8 

3 

3 

3 



Engineers 

0 

0 

7 

7 

8 



1969 (6 mo, ) 

1970 

1971 

1972 

1973 

In addition to the need for nuclear degreed scientists and engineers to fill 
new positions, allowances for attrition must also be included to arrive at the 
total technical manpower requirements of privately owned companies active in the 
processing and packaging radioisotopes segment for nuclear degreed personnel, 
(Allowances for attrition are the same as those used previously in this report: 
8.4% for scientists and 7.6% for engineers,) 



Year 

1969 (6 mo.) 

1970 

1971 

1972 

1573 v r ' 

TOTALS 

Average Annual 
Incremental 
Requirements 
(4*5 yrs .) 



Nuclear Scientists 
Growth Replacemen t Totals 



Nuclear Engineers 
Growth Replacement Totals 



4 

8 

3 

3 

J3 

21 

4.7 



1 

2 

2 

2 

_3 

10 

2.2 



10 

5 

5 

J3 

31 

6.9 



0 

0 

7 

7 

8 

22 

4.9 



0 

0 

0 

1 

2 

3 

0.7 



0 

0 

7 

8 

10 

25 

5.6 



Between July 1969 and December 31, 1973 a total of 56 nuclear degreed scientists 

and engineers will be needed by all privately owned companies active in the pro- 
cessing and packaging radioisotopes segment. This total requirement averages out 
to about 13 nuclear degreed scientists and engineers each year to fill new and 
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replacement positions within these organizations. 

SUMMATION OF IN-DEPTH INTERVIEWS 

The primary employment qualification for degreed (non-nuclear) scientists 
and engineers depends essentially on the nature of the job. However, there seems 
to be a preference for the experienced individual. 

At the majority of the interviewed companies, degreed (non-nuclear) personnel 
work in research and development, production, scientific and technical information, 
and management activities. These types also get involved, to a lesser extent, 
in test and evaluation and standards and specifications activities. 

The interviewed companies have had only fair to good success in filling their 
requirements for degreed (non-nuclear) personnel during the past five years. They 
also indicated that the supply of scientists during the past year has increased. 

This increased supply of scientists was attributed to cuts in government research 
funds which has resulted in maay qualified individuals being released from or- 
ganizations dependent on government funds. 

In the near " se organizations expect the supply of degreed (non- 
nuclear) scienti^ engineers to be tight but Cel they will be able to 

attract their share of the market. One discipline in which there will be a critical 
shortage is organic chemists both at the BS and PhD levels. 

All of the companies were in agreement concerning the relative merits of 
having their degreed (non-nuclear) personnel take some coursework in nuclear 
science and engineering* The nuclear related courses which would be most appli- 
cable to the companies* technical environment are, nuclear chemistry, radio- 
chemistry, radioisotope techniques, health physics, radiation safety, and in- 
strumentation. 



PROCESSING AND PACKAGING RADIOISOTOPES 

Although these organizations hire very few nuclear degreed scientists and 
engineers , .when they do hire them, they are looking tor the experienced individual. 
Nuclear degreed personnel work almost exclusively in research, production, and 
management activities • 

Generally speaking, the reason why some of these companies hire nuclear degreed 
scientists and engineers is because of the companies’ activity in the nuclear 
medicine field. The companies generally feel that their health physicists ade- 
quately meet the job responsibilities expected of them. However, the companies 
have found nuclear physicists to be trained almost exclusively for the reactor 
field, and as a result, they do not readily fit into the technical climate of t’.ese 

organizations • 

Technicians employed on the basis of their education and experience work 
in the areas of research and development, test and evaluation, regulatory en- 
forcement, and data collection, processing, and analysis. These organizations 
have had, and are having, considerable difficulty in attracting enough technicians 
to fill their requirements. This shortage is especially acute in the a.ea o 
nuclear medicine technology. 

Nuclear related courses that would benefit their technicians are , nuclear 
chemistry, radiochemistry, radioisotope techniques , and instrumentation. 

The two most reliable extrinsic factors used by these organizations in 
estimating their technical manpower requirements are, the "general economic out- 
look" and "possible hew applications of atomic energy." Intrinsic factors in- 
clude, "sales forecasts," "entries into new markets," and "anticipated expansion 
of plant facilities . " 

Some of the more general comments offered by the companies were. 1) there 
should be a greater emphasis placed on nuclear medicine technology not only at 
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PROCESSING AND PACKAGING RADIOISOTOPES 



the medical schools, but also at the universities in general; and, 2) college 
courses should be offered for middle-management personnel to broaden their 
understanding of the theory and application of radioisotopes. 




BLS Segment Definition - 



Particle Accelerator Manufacturing 

- Includes the manufacture of particle accelerators 

and of components specifically designed for and unique 
to accelerators. 



PRESENTATION OF STATISTICAL DATA 

In 1968, the interviewed companies employed 39.7% of all engineers, 48.2% of 
all scientists, and 45.4% of all technicians working in this segment as reported 
by BLS. The historical data for scientists, engineers, and technicians employed 
in the particle accelerator manufacturing industry (non-government-owned) are 

given below: 



Year 


Scientists 


Engineers 


Technicians 


Totals 


1963 


120 


197 


332 


649 


1964 


77 


2L3 


311 


601 


1965 


74 


16'{? 


268 


502 


1966 


76 


190 


278 


544 


1967 


72 


176 


280 


528 


1968 


56 


141 


271 


468 



Data provided by the sample companies and extrapolated by the ANS 
entire particle accelerator manufacturing segment (privately owned) for 1969, 
1970, and 1973 are presented in Table 12. The overall growth in technical 
manpower requirements for this segment of the atomic energy field between July 

1969 and December 31, 1973 is 46.9%. 

Percentage increases between 1969 and 1973 for each of the listed occupa- 
tional categories are: 
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Table 12 

- PARTICLE ACCELERATOR MANUFACTURING - 

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS 
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973* 

(Data include only personnel employed privately-owned companies active in particle accelerator manufacturing who spend at least 
50% of their working time in atomic energy activities.) 
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PARTICLE ACCELERATOR MANUFACTURING 



Numerical Increase 
Between July 1969 
and December 31, 1973 



Occupational Categories 
Draftsmen 

Health Physics Technicians 
& Radiation Monitors 

Other Technicians 

Life Scientists 

Engineers 

Electrical/Electronics 

Technicians 

Mathematicians 

Physical Scientists 

TOTALS 



% Increase Between July 1969 
and December 31, 19 73 

54.0% 

52.9% 

50.2% 

50.0% 

49.4% 

46.6% 

33 . 3 % 

19.6% 

46.9% 



34 

9 

102 

1 

81 

27 

2 

11 

267 



Consolidating the above occupational categories into three broad categories 
of scientists, engineers, and technicians, shows the following percent increases 
between July 1969 and December 31, 19732 

Numerical Increase 

% Increase Between July 1969 Between July 1969 

Occupational Categories and December 31 , 1973 apd. — ?lj — 

Technicians 50.4% 172 

Engineers 49.4% 81 

Scientists 21.9% 

With the increase in engineers and especially technicians, it would seem that this 
industry is becoming less research and more product oriented. 

Chart 13 represents the actual historical BLS technical manpower data (19&3- 
1968) for the entire non-government -owned companies active in particle accelerator 
manufacturing and ANS projections of the segment* s requirements for technical 
personnel through 1973. Projected requirements for scientists will remain 
relatively stable, while both the engineer and technician categories will reverse 

-m- - 
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Chart 13 

EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE PARTICLE ACCELERATOR 
MANUFACTURING SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOP EACH YEAR EXTENDING 
FROM 1?63 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND AN5 PROJECTIONS OF 
THE TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND .973. 
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PARTICLE ACCELERATOR MANUFACTURING 
their previously decreasing trend. 

Currently there are 8 nuclear scientists and 3 nuclear engineers employed 
by the privately owned companies active in this segment of the atomic energy 
field. These companies, however, plan to hire an additional 6 nuclear scientists 
to fill new positions between 1970 and 1973. None of the companies expect to 
hire any additional nuclear engineers during this period of time. 

Percentages of currently employed scientists and engineers with a particular 
educational background to the total number of currently employed scientists and 
engineers are as follows: 

Number of Currently 



Educational Backgrounds 


% of Currently Employed 
Scientists and Engineers 


Employed Scientists 
and Engineers 


Electrical/ Elec tronics 
Engineering 


29.2% 


87 


Mechanical Engineering 


26.6% 


59 


Physics 


20.3% 


't. 


Other Science Disciplines 


3.9% 


9 


Chemistry 


3.8% 


8 


Nuclear Physics 


3.8% 


8 


Chemical Engineering 


1.2% 


3 


Nuclear or Reactor 
Engineering 


1.2% 


3 


TOTALS 


100.0% 


222 



Of the currently employed nuclear- degreed scientists and engineers, 25.0% 
have MS’s and 75.0% have PhD's. Of the other degreed (non-nuclear) personnel 
currently employed in this segment of the atomic energy field, 72.0% have BS's; 
17.3% have MS's; and, 10.7% have PhD's. 

Annual requirements for nuclear degreed scientists and engineers between 
July 1969 and December 31, 1973 to fill new positions are: 



PARTICLE ACCELERATOR MANUFACTURING 



Year 

1969 (6 mo,) 

1970 

1971 

1972 

1973 



ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED 
PERSONNEL TO FILL NEW POSITIONS 

Scientists Engineers 

0 0 

0 0 

2 0 

2 0 

2 0 



In addition to the need for nuclear degreed scientists to fill new psoitions, 
allowances for attrition must also be included to arrive at the total technical 
manpower requirements of privately owned companies active in the particle 
accelerator manufacturing segment for nuclear degreed personnel. (Allowances 
for attrition are the same as those used previously in this report; 8.4% for 
scientists and 7.6% for engineers.) 



Year 

1969 (6 mo.) 0 

1970 0 

1971 2 

1972 2 

1973 . . 2 

TOTALS 6 

Average Annual 
Incremental \ 
Requirements • 

(4% yrs. ) 1.3 



Nuclear Scientists 
Growth Replacement Totals 



Nuclear Engineers 
Growth Replacement Totals 



I 

1 

1 

1 

1 

5 

1.1 



1 

1 

3 

3 

3 

11 

2.4 



0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 



Between July 1969 and December 31, 1973 a total of 11 nuclear scientists will 
be needed by all privately owned companies active in the particle accelerator manu- 
facturing segment. This total requirement averages out to about 2 nuclear scientists 
each year to fill new and replacement positions within these organizations. 
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PARTICLE ACCELERATOR MANUFACTURING 



SUMMATION OF IN-DEPTH INTERVIEWS 

Generally speaking' these companies hire a scientist or engineer for the 
specific skills he possesses. 

Degreed (non-nuclear) scientists and engineers work primarily in development, 
test and evaluation, design, and production activities. 

During the past five years, the interviewed companies have had good success 
in filling their requirements for degreed (non-nuclear) scientists and engineers. 
Some of the reasons for their success are: 1) the company* s reputation; 2) the 

company's geographical location; and, 3) the challenges and onportuni ties available 
to their employees. These organizations were also optimistic about filling their 
needs for degreed (non-nuclear) personnel in 1970 and 1973. However, they also 
believe it will be more difficult for them to hire qualified individuals. 

The companies indicated they would like their degreed (non-nuclear) scientists 
and engineers to have some coursework in nuclear science and engineering. They 
believe such coursework would give their employees a better understanding of new 
nuclear applications of their products. Specifically, they would like to hire 
chemical engineers and/or process engineers who have had some background training 
in radiation chemistry. Some cf the nuclear related courses these companies would 
like their degreed (non-nuclear) personnel to take are, radiation shielding, 
radiological physics, radiation safety, and instrumentation. 

None of the interviewed companies anticipate, in the near future, any change 
in emphasis on hiring degreed (non-nuclear) scientists and engineers with a 
particular educational background as compared to their current hiring practices. 
They will continue to emphasize electrical/electronics and mechanical engineers, 
chemists and physicists. 

These companies will hire very few nuclear degreed scientists by 1970 or 
1973. Those they do hire will be hired specifically to make the company 
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PARTICLE ACCELERATOR MANUFACTURING 



competitive in the nuclear field. They see the nuclear degreed individual as a 
means to develop new applications of their products. 

The reason why these companies do not hire a greater number of nuclear 
degreed scientists and engineers is because the companies are now emphasizing 
product development rather than basic research. As a result, they need personnel 
trained in a number of basic engineering disciplines. The companies believe the 
experienced chemical, mechanical and electrical engineer is their most valued 
possession. 

The companies that plan to hire nuclear degreed scientists in 1971, 1972 
and 1973 expect no difficulty in filling their requirements. 

When hiring technicians, these organizations look for people who have had 
some specialized technological training. Technicians at these organizations work 
in activities associated with development; design, construction and installations, 
operations, and maintenance. 

Employment of technicians has been difficult for all the interviewed com- 
panies during the past five years. One company indicated that in order for it 
to overcome the tight technician market, they have developed "in-house" training 
programs. The only nuclear course these companies believe would be of value to 
their technicians is radioisotope techniques . 

Some of the general comments made by these organizations were: 1) >at the 

graduate nuclear science level, more emphasis should be placed on process 
engineering (specifically, relating radiation sources to the process line); 2) 
too much money is spent on reactor technology at the universities and national 
labs, and not enough is directed toward the development of radiation applications 
for manufacturing and industrial organizations; and, 3) a common dilemma ex- 
perienced not only by these organizations but also by virtually all of the 
interviewed companies is that their marketing personnel lack sufficient technical 
education while their technically oriented personnel are not good businessmen! 




PARTICLE ACCELERATOR MANUFACTURING 



The extrinsic factor which has proven to be the most reliable measure of 
these organizations' technical manpower requirements is "possible new applications 
of atomic energy." The two main intrinsic factors are "sales forecasts" and 
"entries into new markets . " 







BLS Segment Definition - 



Private Research Laboratories 

- Private laboratories engaged in research-development 
and other testing facilities in connection wvth atomic 
energy work . 



PRESENTATION OF STATISTICAL DATA 

In 1968, the interviewed companies employed 23.1% of all engineers, 22.7% 
of all scientists, and 25.5% of all technicians working in this segment as reported 



by BLS. The historical BLS data for scientists 


, engineers , and 


technicians em- 


ployed at private research 


laboratories (non-government-owned) are given below: 






Historical BLS Data 


(1963-1968) 




Year 


Scientists 


Engineers 


Technicians 


Totals 


1963 


429 


414 


609 


1,452 


1964 


776 


617 


925 


2,318 


1965 


870 


687 


1,171 


2,728 


1966 


745 


713 


1,072 


2,530 


1967 


683 


647 


765 


2,095 


1968 


648 


658 


835 


2,141 




Data provided by the 


sample companies and 


extrapolated by 


the ANS to the 


entire private research laboratories (privately owned) for 1969 


,1970, and 1973 


are 


presented in Table 13, 


The overall growth 


in technical manpower requirements 



for this segment of the atomic energy field between July 1969 and December 31, 1973 

is 33.9%. '• ’ ?r yr 7 ; '• 7 ;'V' -"'V • 

Percentage increases between July 1969 and December 31, 1973 for each of 

the listed occupational categories are: 



Occupational Categories 
Life Scientists 
Draftsmen 



% Increase Between July 1969 
and December 31. 1973 

84.5% 

76.8% 



Numerical Increase 
Between July 1969 
and December 31. 1973 

49 

43 



ierJc ; 



-131- 



7 

mm-wmn 



Table 13 

- PRIVATE RESEARCH -ABORATORI ES - 

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS 
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973. 

(Data Include only personnel employed by privately-owned companies octive in private research laboratories who spend at least 509a 
of their working time in atomic energy activities.) 



OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ 

DECREASE 


1973 


INCREASE/ 

DECREASE 


PHYSICAL SCIENTISTS 


732 


817 


+85 


976 


+159 


LIFE SCIENTISTS 


58 


80 


+22 


107 


+27 


ENGINEERS 


1,300 


1,476 


+176 


1,712 


+236 


MATHEMATICIANS 


62 


71 


+9 


93 


+22 


DRAFTSMEN 


56 


71 


+15 


99 


+28 


ELECTRICAL & ELECTRONICS 
TECHNICIANS 


284 


332 


+48 


417 


+85 


OTHER ENGINEERING TECHNICIANS 


474 


536 


+62 


593 


+57 


HEALTH PHYSICS TECHNICIANS & 
RADIATION MONITORS 


20 


19 


-1 


32 


+13 


LIFE SCIENCE TECHNICIANS 


- 


10 


+ 10 


24 


+ 14 


PHYSICAL SCI ENCE TECHNICIANS 


290 


318 


' +28 : > 


347 


+29 


OTHER TECHNICIANS 


53 


57 


+4 


80 


+23 


NUCLEAR REACTOR OPERATORS 


104 


109 


+5 


109 


- 


NUCLEAR MATERIALS MANAGERS 


- 


5 


+5 


7 


+2 


TOTALS 


3,433 


3,901 


+468 


4,596 


+695 
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PRIVATE RESEARCH LABORATORIES 



Numerical Increase 



(ContM) % 

nrcimational Categories 


Increase Between July 1969 
and December 31, 1973 


Between July 1969 
and December 31. 1973 


Health Physics Technicians 
& Radiation Monitors 


60.0% 


12 


Other Technicians 


50.9% 


27 


Mathematicians 


50.0% 


31 


Electrical/Electronics 

Technicians 


46.8% 


133 


Physical Scientists 


33.3% 


244 


Engineers 


31.7% 


412 


Other Engineering Technicians 


25.1% 


119 


Physical Science Technicians 


19.7% 


57 


Nuclear Reactor Operators 


4.8% 


5 


Life Science Technicians 


— 


24 


Nuclear Materials Managers 





7 


TOTALS 


33.9% 


1,163 


With the increased concern over environmental problems, 


, it is interesting 


to see that the private research organizations are building 


up their competency 


in the life sciences while maintaining their staff level in 


the physical sciences. 


Consolidating the above occupational categories into three broad categories of 


scientists, engineers, and technicians, shows the following 


percent increases 


between 1969 and 1973: 






Occupational Categories 


% Increase Between July 1969 
and December 31. 1973 


Numerical Increase 
Between July 1969 
and December 31. 1973 


Scientists (Includes 
Mathematicians) 


38.0% 


324 


Technicians (Includes 

Draftsmen, Nuclear Reactor 
Operators and Nuclear 
Materials Managers) 


33.3% 


427 


Engineers 


31.7% 


412 


V'-‘- 


-B3- _ 
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PRIVATE RESEARCH LABORATORIES 



Chart 14 represents the actual historical BLS technical manpower data (1963- 
1968) for non-governmentrowned organizations classified as private research 
laboratories and ANS projections of their requirements for technical personnel 
through 1973. 

Currently, there are 142 nuclear scientists and 310 nuclear engineers employed 
by the privately owned organizations ^Ive in this segment of the atomic energy 
field. These companies, however, expert; to hire an additional 80 nuclear scientists 
and 171 nuclear engineers to fill new positions between 1969 and 1973. 

Percentages of currently employed 3 =stis-tists and engineers wiith a particular 
educational background to the total number ^rf currently employed scientists and 
engineers are as follows: 

Number of Currently 
Employed Scientists 
and Engineers 

490 

306 

283 

180 

180 

165 

118 

79 

65 

44 

40 

39 

31 



% of Currently Employed 
Scientists and Engineers 



Educational Backgrounds 
Physics 23.5% 

Nuclear or Reactor Engineers 14.4% 

Mechanical Engineering 13.6% 

Metallurgical Engineering 8.7% 

Electrical/Electronics Engineering 8.7% 

Metallurgy 8.0% 

Chemistry 5.6% 

Chemical Engineering 3.8% 

Nuclear Physics 3.1% 

Other Engineering Disciplines 2.1% 

Nuclear Chemistry 1.9% 

Biology ; 1.9% 

Other Science Disciplines 1.5% 
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PRIVATE RESEARCH LABORATORIES 



(Cont'd) 

Educational Backgrounds 
Civil Engineering 
Health Physics 
High Energy Physics 



% of Currently Employed 
Scientists and Engineers 

1 . 2 % 

1 . 0 % 

1.6% 



Number of Currently 
Employed Scientists 
and Engineers 

29 

21 

20 



TOTALS 



100 . 0 % 



2,090 



Of the currently employed nuclear degreed scientists, 7.8% have BS’s, 53. 3% 



have MS s; and 38.9% have PhD’s. Of the other degreed (non-nuclear) personnel 
currently employed in this segment of the atomic energy field, 44.2% have BS’s; 
32.3% have MS’s; and 23.5% have PhD’s. 



The annual requirements for nuclear degreed scientists and engineers between 

July 1969 and December 31, 1973 to fill new positions are: 

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED 
PERSONNEL TO FILL NEW POSITIONS 



Year 



Scientists 

7 

15 

19 

19 

20 



1969 (6 mo.) 

1970 

1971 

1972 

1973 

In addition to the need for nuclear degreed scientists and engineers to fill 
new positions, allowances for attrition for nuclear degreed personnel must also 
be included to arrive at the total technical manpower requirements of privately 



Engineers 

25 

50 

32 

32 

32 



owned organizations active in the private research activities. (Allowances for 
attrition are the same as those used previously in this report: 8.4% for scientists 

and 7 . 6% for engineers . ) 



PRIVATE RESEARCH LABORATORIES 





Nuclear Scientists 


Nuclear Er, ; ! >.maers 

_ . n <1 r r r - — — .1 n 


Year 


Growth 


Replacement 


Totals 


Growth 


Keprac i 




1969 (6 mo. ) 


7 


12 


19 


25 


24 


49 


1970 


15 


14 


29 


50 


2-; 


79 


1971 


19: 


15 


34 


32 


31 


63 


1972 


19 


17 


36 


32 


34 


66 


1973 


20 


19 


39 


32 


37 


69 


TOTALS 


80 


77 


157 


171 


155 


326 


Average Annual 
Incremental 














Requirements 
(4*5 yrs . ) 


17.8 


17.1 


34.9 


38.0 


34.4 


72.4 


Between July 1969 


and December 


31, 1973 a 


total of 483 


nuclear 


degreed 



scientists and engineers will be required by private research laboratories. This 
total requirement averages out to slightly more than 107 nuclear degreed scientists 
and engineers each year to fill new and replacement positions within these 



organizations. 

SUMMATION OF IN-DEPTH INTERVIEWS 

The interviewed organizations offered a number of opinions regarding the 
employment qualifications they consider when hiring a degreed (non-nuclear) 
scientist or engineer. Some of the employment qualifications they use are: 1) 

the quality of the man as determined by the candidate's interview with supervisory 
personnel; 2) determination of how the individual is structured —first, his 
ability to see the sponsor’s need and, secondly, his problem-solving ability; 
and, 3) the relationship between the qualifications of the individual and the 
organization' s field of interest . When evaluating potential engineers , the apfc^ 
is basically the same as that for scientists although there is less emphasis on 
advanced degreed people. 
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PRIVATE RESEARCH LABORATORIES 

The activities in which their degreed (non-nuclear) scientists and engineers 
work include, research, research contract and grant administration, development, 
standards and specifications, scientific and technical information, data collection, 
processing and analysis, planning, management, and technical assistance and con- 
sulting* 

All interviewed organizations have had good to excellent success in filling 
their need for degreed (non-nuclear) scientists and engineers during the past 
five years. They also expect the supply of degreed (non-nuclear) personnel to 
be large enough in 1970 and 1973 to meet their requirements. These organizations 
attribute their success in attracting qualified individuals to the intellectually 
stimulating work environment found at research laboratories. It is interesting 
to note that the technical manpower needs of research labs fluctuate considerably. 
The nature of the business results in a high turnover rate which reflects the 
changing requirements of their sponsors (i.e., an increased emphasis in an area 
of technology different from that in which the lab is currently working),: This 

results in the hiring of scientists and engineers who have the required expertise 
To perform the research related to the sponsor f s need. 

Whatever difficulty these organizations experience in attracting qualified 
technical personnel is usually related to the fact that they are looking for very 
specialized people for very specialized research. Obviously, there is a limited 
supply of these specialists from which they can draw. One organization indicated 
that it is haying difficulty finding a man trained in radio chemistry. They have 
been unable to find a radiochemist with any long-term practical experience. 
Furthermore, they cannot find men with industrial experience who qualify because 
most industrial people are not "up-to-date" with regard to the latest scientific 
and technological techniques. 



PRIVATE RESEARCH LABORATORIES 



Obviously, these organizations would prefer their degreed (non-nuclear) 
scientists and engineers to have some nulcear related coursework. Nuclear 
courses which would have applicability to these organizations are, waste disposal, 
radiation shielding, nuclear metallurgy, nuclear chemistry, radiochemistry, 
radioisotope techniques, health physics, control and telemetry, radiation safety, 
and instrumentation. Research organizations would also like their scientists 
and engineers to have more coursework and/or experience in the life and social 

sciences / 

The same general employment coneideratlons are followed when hiring a 
scientist or engineer with a nuclear degree as are followed when hiring scien- 
tists and engineers in general. Nuclear degreed personnel work primarily in 
research, development, test and evaluation and data collection, processing, and 

analysis activities. 

All the interviewed companies have had good success in hiring nuclear degreed 
individuals. They also do not expect any difficulty in the near future. Again, 
they attribute their success to the stimulating environment of research 
tories. Their requirements for nuclear degreed scientists and engineers have 
increased during the past five years and will continue into the seventies. This 
emphasis on nuclear degreed individuals is probably due to the fact that many 
sponsors have become more accustomed to "farming out" their research than ex- 
panding their own in-house capability. 

Generally speaking, these organizations hire nuclear scientists and engi- 
neers for nuclear related research currently being conducted by the laboratory, 
in other words , they hire a specialist to conduct research in a specialized 
technological Held. It is also interesting to note, however, that these organi- 
zations believe that a good physicist, for example, or electrical engineer 
specializing in fast electronics tends to do the required work as well as the 

nucJLfcar degreed individual* 



PRIVATE RESEARCH LABORATORIES 

In evaluating the education received by nuclear degreed individuals, the 
comments offered were: 1) people in the nuclear field do not have an apprecia- 

tion for ecology and other environmental considerations; 2) the education and 
training of nuclear scientists and engineers are about as good as aiy other 
discipline; 3) more emphasis should be placed on heat transfer and fluid flow 
for graduate nuclear engineers; 4) the BS degree in nuclear engineering is 
definitely not needed; and, 5) all professional employees, regardless of their 
educational background, should have more exposure to business economics. 

Employment of technicians at these organizations is based upon the candi- 
date's education and previous experience. Technicians typically work in research, 
development, design, test and evaluation, data collection, processing and analysis, 
standards and specifications, and technical assistance activities. Most technicians 
work in research and development activities. 

These organizations do not anticipate any difficulty in filling their 
requirements for technicians in 1970 or 1973. Nuclear related courses for 
technicians would include, instrumentation, radioisotope techniques, health 
physics, radiation safety and fuel handling. 

The two extrinsic factors used by these organizations in making manpower 
projections are, ’’projections of government funds” and ’’increasing nuclear power 
plant generating capacities.” The primary intrinsic factors used are ’’projections 
of government funds to their company,” ’’dollar value of services,” and, "forecasts 
of research expenditures.” 

A ten percent decrease in government funds from their current level would 
not adversely affect their manpower levels. They believe that to have any signifi- 
cant effect, there would have to be at least a twenty-five to thirty percent cut- 
back in government research funds. 



Industrial Radiography 

BLS Segment Definition — Reporting units primarily engaged in providing 

commercial radiographic service . Excludes in— plant 
radiography where its use is incidental to another 
activity such as manufacturing . 

PRESENTATION OF STATISTICAL DATA 

In 1968, the interviewed companies employed 70.8% of all engineers, 13 • 9% 
of all scientists, and 48.8% of all technicians working in this segment as re- 
ported by the BLS. The historical BLS data for scientists, engineers, and tech 
nicians working in the industrial radiography segment are given below: 



Hi s t o r ical BLS Data ( 1 96 3-1968) 



Year 


Scientists 


Engineers 


Technicians 


Totals 


1963 


4 


34 


532 


570 


1964 


8 


48 


546 


602 


1965 


8 


49 


475 


532 


1966 


6 


44 


434 


484 


1967 


3 


53 


434 


490 


1968 


4 


48 


408 


460 



Data provided by the sample companies and extrapolated by the ANS to the 
entire industrial radiography industry for 1969, 1970, and 1973 are presented 
in Table 14. The overall growth of technical manpower requirements for the 
companies in this segment of the atomic energy field between July 1969 and 
December 31, 1973 is 44.6%. 

Percentage increases between July 1969 and December 31, 1973 for each of 
the listed occupational categories are: 



Table 14 

- INDUSTRIAL RADIOGRAPHY - 

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS ANO T ECHNIC IANS BY OCCUPATIONAL CATEGORIES AND ANS 
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973. 

(Data mclude only personnel employed by pr Wote ly-owned companies active in industrial radiogrophy who spend at least 50% of their 
working time in atomic energy activities.) 



OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ 

DECREASE 


1973 - 5 


INCREASE/ 

DECREASE 


PHYSICAL SCIENTISTS. 


4 


4 


- 


E 


+4 


ENGINEERS 


53 


62 


+9 


77 


+15 


OTHER ENGINEERING TECHNICIANS 


T5 


16 


+1 


23 


+7 


OTHER TECHNICIANS 


379 


455 


+76 


544 


+89 


TOTALS 


451 


537 


+86 


652 


+115 
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INDUSTRIAL RADIOGRAPHY 






Occupational Categories 
Physical Scientists 



% Increase Between July 1969 
and December 31. 1973 



Other Engineering Technicians 

Engineers 

Other Technicians 



100 . 0 % 

53.3% 

45.3% 

43.5% 



Numerical Increase 
Between July 1969 
and December 31. 1973 

4 

8 

24 

165 



Consolidating the above occupational categories into three broad categories 
of scientists, engineers, and technicians, shows the following percentage of 
increase between July 1969 and December 31, 1973. 



Occupational Categories 

Scientists 

Engineers 

Technicians 



% Increase Between July 1969 
and December 31 « 1973 



100 . 0 % 

45.3% 

43.9% 



Numerical Increase 
Between July 1969 
a nd December 31 » 1973 

4 

24 

173 



It is obvious that this segment of the atomic energy field is comprised primarily 
of technician-level personnel. Although requirements for technicians are growing 
at a rate less than either the scientist or engineer categories, they do make up 
the majority of industrial radiography personnel* 

Chart 15 represents the actual historical BLS technical manpower data (1963- 
1968) for the entire non-government-owned companies active in the industrial 
radiography segment and ANS projections of this segment's requirements for tech- 
nical manpower through 1973. 

None of the three interviewed companies currently employ nuclear degreed 
personnel, nor do they anticipate a need for these types in the near future. 

The percentages of currently employed scientists and engineers with a 
particular educational background to the total number of currently employed 
scientists and engineers are as follows: _ : 
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Chart 15 

employment of scientists, engineers and technicians by companies active in the industrial radiography 

SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC E t': GY FIELD FOR EACH YEAR EXTENDING FROM 1963 THROUGH 

1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF THE TECHNICAL 
MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973. 
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Frlnr Ational Backgrounds 


% of Currently Employed 
Scientists and Engineers 


Number of Currently 
Employed Scientists 
and Engineers 


Chemical Engineering 


29.4% 


17 


Other Engineering Disciplines 


29.4% 


17 


Electrical/Electronics 

Engineering 


14.7% 


8 


Mechanical Engineering 


11.8% 


7 


Metallurgical Engineering 


11.8% 


7 


Chemistry 


2.9% 


_JL 


TOTALS 


100.0% 


57 



Of the currently employed degreed (non-nuclear) scientists and engineers, 
91.2% have BS’s, and 8.8% have MS's. 



SUMMATION OF IN-DEPTH INTERVIEWS 

The interviewed companies indicated that experience was the primary employ- 
ment qualification they consider when evaluating potential degreed (non-nuclear) 
employees. Their degreed (non-nuclear) personnel work primarily in planning, 
management, technical assistance, and consulting activities. 

During the past five years, these organizations have had good success in 
filling their needs for degreed (non-nuclear) scientists and engineers. The 
interviewed companies also. expect the supply of degreed (non-nuclear) scientists 
and engineers to be large enough to meet their manpower requirements in 1970 and 

1973. 

None of the interviewed companies felt that their degreed (non-nuclear) 
scientists and engineers would particularly benefit from additonal coursework 
in nuclear science and engineering. It should also be noted that these organize 
tions have never employed, nor are they planning to employ, nuclear degreed 
scientists and engineers. They do not believe the technical requirements of 




INDUSTRIAL RADIOGRAPHY 



their industry are such that they need the technical sophistication of a nuclear 
degreed individual. 

Experience is the primary employment qualification for hiring technicians. 
Technicians employed in the industrial radiography industry work primarily in 
test and evaluation activities. Other company activities where technicians work 
are, installations, operations and maintenance, teaching and training, and tech- 
nical assistance and consulting. 

These companies have had very good success in attracting technicians during 
the past five years, and they do not expect any difficulty in the future. The 
companies do believe, however, that shouMis. shortage (jtcur, they will be able no 
train unskilled technicians through "in^ircCTse" educational programs. 

The companies did indicate that their" technicians^ would benefit from some 
coursework in radiation shielding, radioisotope techniques , radiological physics, 
and radiation safety. 

The primary extrinsic factor used By ifcftese companies in forecasting 
their technical manpower requirements is the "general economic outlook." The 
most reliable intrinsic factors are "sales forecasts" and "historical employment 
data. " 



Miscellaneous 

BLS Segment Definition - Reporting units engaged in nuclear activities which 

axe not classifiable in any of the previous segments. 
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PRESENTATION OF STATISTICAL DATA 

In 1968, the interviewed companies employed 54.7% of all engineers, 100.0% 
of all scientists, and 29.8% of all technicians working at companies reporting 
in the BLS's miscellaneous segment. Historical data for scientists, engineers, 
and technicians employed at companies that report in the miscellaneous segment 
of the BLS survey are given below (The miscellaneous segment is composed primarily 
of government-owned— establishments , and therefore, extrapolations from the sample 
companies could only be made to the data reported to the BLS by the privately 



owned 


organizations — 12. 


7% of the 1968 totals 


reported by BLS are for 




privately owned companies) 


Historical BLS Data _ 


(1961-1968]) 


Totals 


Year 


Scientists 


Engineers 


Technicians 


1963 


51 


257 


223 


531 


1964 


39 


219 


191 


449 


1965 


26 


165 


174 


365 


1966 




158 


i83 


365 


1967 


56 


132 


141 


329 


1968 


3 


115 


88 


206 




Data provided by the 


sample companies and 


extrapolated by the ANS 


to the 



entire number of companies reporting in the miscellaneous segment (privately 
owned) for 1969, 1970, and 1973 are presented in Table 15. The overall growth 
of these companies, in terms of technical manpower requirements , between July 



1969 and December 31, 1973 is .64* 5%* 

Percentage increases between July 1969 and December 31, 1973 for each of 
the listed occupational categories are: 
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Table 15 

- MISCELLANEOUS INDUSTRIES - 

CURRENT (1969) EMPLOYMENT OF SCIENTISTS. ENGINEERS AND TECHNICIANS BY OCC UPAT I ONA L CAT EGOR I ES AND ANS 
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1972. 

(Data include only personnel employed by private ly-owned: ;componie s active in the atomic energy field but w!hich are unc lass i f iabl e 
in any df the previously defined segments of the private seictor of the atomic energy field. Only personnel wlho spend at least 5G?o 
of the ir 'w ork ing time in atomic energy activities are included.) 



OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ 

DECREASE 


1973 


INCREASE/ 

DECREASE 


PHYSICAL SCIENTISTS 


10 


13 


+3 


18 


+5 


LIFE SCIENTISTS 


3 

i 


4 


+1 


6 


+2 


ENGINEERS 


89 


107 


+18 


142. 


+35 


mathematicians 


3 ! 


4 


+1 


£ 


+2 


DRAFTSMEN 


41 


47 


+6 


■59 


+12 


ELECTRICAL & ELECTRONICS 
TECHNICIANS 


26 


31 


+5 


45 


+14 


OTHER ENGINEERING TECHNICIANS 


15 


17 


+2 


22 


+5 


HEALTH PHYSICS TECHNICIANS & 
RADIATION MONITORS 


6 


9 


+3 


12 


+3 


LIFE SCIENCE TECHNICIANS 


2 


2 


- 


2 


- 


PHYSICAL SCIENCE TECHNICIANS 


8 


10 


+2 


16 


+6 


OTHER TECHNICIANS 


8 * 


12 


+4 


16 


+4 


NUCLEAR REACTOR OPERATORS 


3 


5 


+L 


8 


+3 


TOTALS 


214 


261 


+47 


352 


+91 
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Numerical Increase 



Chart 16 represents the actual historical BLS technical manpower data (1963- 
1968) for all non-government-owned companies reporting in the BLS’ s miscellaneous 
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% 

n^rupational Categories 


Increase Between July 1969 
and December 31, 1973 


Between Jrnly 1969 
and December 31. 1973 


. 

■.r 


Nuclear Reactor Operators 


166.7% 




5 




Other Technicians 


100.0% 




8 




Physical Science Technicians 


100.0% 




8 


V 

! 


Health Physics Technicians 
& Radiation Monitors 


100.0% 




6 


?• 

! 


Life Scientists 


100 L0% 




3 


■j 

i 


Mathematicians 


100.0% 




3 




Physical Scientists 


80.0% 




8 




Electrical/Electronics 

Technicians 


73.1% 




19 




Engineers 


59.6% 




53 




Other Engineering Technicians 


46.7% 




"r*-’ 

Ht 




Draftsmen 


43.9% 




18 




TOTALS 


64.5% 




138 




Consolidating the above 


occupational categories 


into 


three broad categories 




of scientists, engineers, and 


[ technicians , shows the 


following percentages of 




increase between July 1969 and December 31, 1973: 








7 


o Increase Between July 
and December 31, 1973 


1969 


Numerical Increase 
Between July 1969 
and December 31. 1973 




uccupaLiuuax d 

Scientists (Includes 
Mathematicians) 


87.5% 




14 




Technicians (Includes Draftsmen 65.1% 

& Nuclear Reactor Operators 




71 




Engineers 


59.6% 




53 





MISCELLANEOUS 



segment and AN5 projections of the companies’ requirements for technical 
personnel through 1973. 

Currently are only 5 nuclear engineers and 1 nuclear scientist employed 

by the privi&tet:y owned companies active in this segment of the atomic energy field. 
These cotnsmnies > however , expect to hire an additional nuclear scientist and 3 
additional nuclear engineers to fill new positions between July 1969 and December 



31, 1973. 



Percentages of currently employed scientists and engineers with a particular 
educational background to the total number of currently employed scientists and 
engineers are follows: 



% of Currently Employed 



Educational Bac k grou nds Scientists and Engineers 

Mechanical Engineering 28.4% 

Electrical/Electronics Engineering 17*6% 

Chemical Engineering 13*7% 

Physics 7.8% 

Metallurgical Engineering 6.9% 

Other Engineering Disciplines 6.9% 

Civil Engineering 5.9% 

Chemistry 4.9% 

Nuclear or Reactor Engineering 4.9% 

Metallurgy 2.0% 

Nuclear Physics _ 1.0% 

TOTALS 100.0% 



Number of Currently 
Employed Scientis ts 
and Engineers 

29 

18 

14 

8 

7 

7 

6 

5 

5 

2 

1 

102 



Of the currently employed nuclear degreed scientists and engineers, 66.7% 
have MS’s and 33.3% have PhD ’ s . Of the other degreed (non-nuclear) personnel 
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EMPLOWAWT OF SCIENTISTS, ENGINEERS AND TECriNIC'ANS BY COMPANIES ^PORTING I N 1 H E 

ccr^rrnrtwp ppivatF SECTOR OF THE ATOMIC ENERGY FIELD FOR EACH YEAR tXTLNDINIj |-kum ivoj 
SE T^5JSTGH 19*8 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ^ NS ^ 0JECT!0NS ° F THE 
TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 197~. 






MISCELLANEOUS 



currently employed in this segment of the atomic energy field, 59.4% have BS's, 

33.3% have MS's, and 7.3% have PhD's. 

Annual requirements for nuclear degreed scientists and engineers between 

July 1969 and December 31, 1973 to fill new positions are: 

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED 
PERSONNEL TO FILL NEW POSITIONS 



Year 



Scientists 



Engineers 



1969 (6 mo.) 0 

1970 1 

1971 0 

1972 0 

1973 0 



1 

1 

0 

0 

1 



In addition to these organizations' need for nuclear degreed personnel to 
fill new positions, allowances for attrition must also be included to arrive at 
the total technical manpower requirements of privately owned companies reporting 
in the miscellaneous segment of the nuclear degreed personnel. (Allowances for 
attrition are the same as those used previously in this report: 8.4% for 

scientists and 7.6% for engineers.) 

N uclear Scientists Nuclear Enginee rs 

Year Growth Replacement Totals Growth Replacement Totals 



1969 (6 mo.) 0 

1970 1 

1971 0 

1972 0 

1973 £ 

TOTALS 1 

Average Annual 
Incremental „ : 
Requirements 
(4*s yrs . ) 0. 2 



0 0 10 1 
0 1 1 1 2 

0 0 0 1 1 

0 0 0 1 1 

0 0. i i 1 

0 1 3 4 7 

- i;; 0.2 0.7 0.9 1.6 
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Between July 1969 and December 31, 1973 a total of 8 nuclear degreed scientists 
engineers will be needed by all privately owned organizations reporting in the 
ellaneous segment of the BLS survey. This total requirement averages out to 
htly less than 2 nuclear degreed scientists and engineers each year to fill 
and replacement positions within these organizations. 

IATION OF IN-DEPTH INTERVIEWS 

Atomic energy activities in which the interviewed companies are involved 
Lude; space systems research and development, manufacturing of special nuclear 
Jucts (i.e. radiation shielding containers) , and consulting, and general ser- 
e organizations. Rather than presenting the responses for each of these 
anizations, thus avoiding undue repetitiveness, only the highlights will be 
sented. These highlights include only information which represents an exception 
the responses of all of the interviewed companies or an interesting opinion. 
Special nuclear products manufacturing and service organizations have in- 
ased, although modestly, their requirements for nuclear degreed scientists 
l engineers due to new product developments and service requirements of the 
>mic energy field. 

The service organizations believe, however, that nuclear degreed scientists 
1 engineers are generally too specialized in reactor technology, and what they 
id are more scientists and engineers with a knowledge of isotope applications. 

Consulting organizations were very critical of all specialxsts, as they prefer 
a scientist or engineer who has had a broad educational background. In other 
rds , they prefer the generalist I 

The space systems research and development organizations indicated that their 

clear degreed personnel have excellent theoretical backgrounds, but there is a 

feeling that these same individuals lack practical exposure to design problems. 





MISCELLANEOUS 



5) Only the consulting organizations would be affected by a 10% reduction in 
government funds to their company. Such a reduction would result in about an 
8% decrease in their manpower estimates for 1970 and 1973. The space systems 
organizations, although historically dependent upon government funds, are currently 
in the process of broadening . their base of operations so that reductions in 
government funds wouicl not {Affect their personnel levels. These organizations 
are building up their hue tear capability in anticipation of nuclear space appli= 
cations in the civilian niarket and do not want to cut back on their staff under 






any circumstances. 

6) The consulting organizations believe their area of activity in the atomic 



energy field will level between 1973 and 1975 and, in order fox* them to 
continue their growtVt;-ihiciy Are planning to beeprae involved in other nuclear 






related activities^ 



7) Consulting firms v^^^fc^believe their degreed employee would benefit from 






additional coursework-^ science and engineering. Their general approach 

to continuing ' affects the company, is to provide special 

technological seminar ^^-^vVaftibus subjects as the need arises. 

8) The consulting org^i^at-lons would like the universities to stress the 
economic and management' ^TOThs^deratlons of the electric utility industry for the 
training of nuclear- eh 

9) The space ' systelhf^ would like to see nuclear degreed people 

have more coursewbrk engineering and basic business economics as 

» ‘ . i .-’ 1 f m 

4hey apply to the ituhie^/-ii'|pld • 

10) Manufacturers of ^^ial nuclear products would like all engineers to have 

more ^oursework or e^e^ience in teaching techniques, applications of radio- 
isotopes and rad iat'lpj^ * 



■ ; *' ; y ; Ky : 
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TECWICAL MANPOWER REQUIREMENTS OF THE ELECTRIC POWER UTILITIES 

SUMMARY OF FINDINGS 

Following are some of the major findings of the utility survey: 

1) When a utility builds additional nuclear power plants, on-site 
personnel increase dramatically while central office or off-site 
personnel remain relatively constant; 

2) A significant increase, although numerically small, in the number 
of scientists that will be hired between July 1969 and December 31, 
1973; 

3) By 1973 there will be 1 senior reactor operator for every 2.3 
reactor operators ; 

4) An increased emphasis will be placed on the hiring of BS nuclear 
engineers; 

5) An average of 77.6 technical personnel per nuclear power plant; 

6) Between 1969 and 1973; 52 nuclear scientists and 361 nuclear 
engineers will be needed by the electric utility industry; 

7) Utilities that do not now have nuclear power plants are taking 
a 'Wit-and-see iJ attitude on the performance, economics and 
social considerations of nuclear plants new being built or in 
operation; 

8) The utilities are experiencing difficulty in hiring degreed technical 
level personnel, especially mechanical engineers; 

9) 60% of the interviewed companies have been successful in hiring 
nuclear scientists and engineers; 

10) The utilities have increased their need for nuclear degreed 
individuals because of: 

a. new nuclear power plant construction 

b, increasing requirements of AEC regulatory agencies 



ELECTRIC POWER UTILITIES 

c. increased awareness of the benefits the nuclear engineer brings 
to the utility; and, 

11) The electric utility industry must create a be ter image of itself 
if it wants to attract quality people. 

NUCLEAR TRAINED MANPOWER NEEDS IN ELECTRIC POWER INDUSTRY 

This study was conducted by Dr. A. David Rossin and Keith L. Voigt during 
the month of February 1969. The study, which utilized the direct— mail 
questionnaire technique, was cosponsored by the ANS Power Division and the 
Reactor Operations Division. Information was received from 35 U.S. utilities 
[. (46 were contacted) • The data represents only those employees who had or will 

be required to have some nuclear training. Also, all companies contacted had 

t 

;• or were planning to have nuclear power plants in operation by 1976. 

| Data obtained from the completed questionnaires were extrapolated to 

| 

I the entire national requirements based on published information concerning the 

power ratings and time schedules for the unreported plants. 

The questionnaire included a detailed breakdown of occupational categories. 
On-site personnel were subdivided into three categories: 

1. General and Operations 

2. Maintenance (direct) 

3. Technical Services 

Each of these categories Includes a number of specific functions; a total of 
27 on-site functions in all. Off-site or central office personnel were sub- 
divided into six categories: 

1. Design and Safety Analysis 

2. Research and Development 

K"' . 

3. Construction 

5 . 4. Operations and Fuel Cycle Management 
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ELECTRIC POWER UTILITIES 



5. Periodic Maintenance (rotating) 



6. Administration and Other 



These categories in turn, separate into 51 functions. 



Obviously, such detailed categories and functions cannot be equally 
applicable to the many different organizations and structures of America's 



independent electric generating companies. However, all responding companies 
managed to provide meaningful answers that could be analyzed along with other 
returns . 

Since the publication of the Rossin-Voigt study, a number of utilities 
have announced plans to build nuclear power plants. On the other hand, one (1) 
of the nuclear plants included in the Rossin-Voigt sample has since cancelled 
its plans to build a nuclear power plant. The data presented in this report 
have been updated to include these changes. 

PRESENTATION OF STATISTICAL DATA 

Wherea* th® Rossin-Voigt study extrapolated the data obtained from the 
sample companies to 89 projected nuclear power plants by 1976, the data in this 
report were extrapolated to 96 plants projected through 1977. 

A comparison of the projected megawatts e of the 96 nuclear plants and the 
megawatts^ of the 41 nuclear plants which comprise the sample is presented in 
Table 16. The megawatts e of these sample plants represent 42.1% of the total 
projected megawatts e for all 96 nuclear power plants planned for operation 
by 1977. Chart 17 shows the projected accumulated megawatts e of all nuclear 
power plants planned for operation by 1977 and the accumulated megawatts e of the 
nuclear power plants included in the survey sample. 

For 1969, 1970, and 1973, the total number of personnel required p by company 
activity, by the electric utilities that have or are planning to have nuclear 
power plants operating by 1977 is presented in Tables 17, 18, and 19 respectively. 
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ELECTRIC POWER UTILITIES 



Percentage increases between July 1969 and December 31, 1973 for the total 
number of on-site and off-site personnel are: 

Numerical Increase 

% Increase Between July 1969 Between July 1969 and 
Location of Personnel and December 31, 1973 December 31 » 1973 

On-Site 287.8% 3,629 

Off-Site 84.7 % 1,176 

Off-site personnel represent 52,4% (1,388) of the total personnel currently 
employed at electric utilities, but by 1973 off-site personnel will represent 
only 34.4% (2,564) of all employees. Although off-site personnel will increase 
by 84.7% between July 1969 and December 31, 1973, on-site personnel will increase 
at a much faster rate (2%7.8%). These data seem to show that as additional 
nuclear power plants are built within a single utility system, the central office 
(off-site) personnel are spread ovei" more plants. Obviously, this distribution 
of manpower over a number of plants does not occur to th r same extent for 
on-site personnel. In addition, the majority of degreed personnel work at 
the central office rather than being assigned to work at a plant. 

(% of Total Manpower Reported) 

1969 1970 1973 

Location of Personnel Degree-Non Degree Deqree-Non Degree Degree-Non Degree 

On-Site 19.1% — 80.9% 14.7% — 85c3% 13.0% — 87.0% 

Off-Site 76.9% — 23.1% 74.7% — 25.3% 76.4% — 23.6% 

The proportion of college degree holders among the central office staff is even 
more pronounced if the periodic maintenance function is excluded. In fact, since 
central periodic maintenance organizations have only begun to be set up, almost 
all (90.8%) of the central office staff will hold college degrees. Similarly, 
if technical services staff were excluded from the on-site classification, very 
few on-site people would have college degrees (6.2%). 

The consolidation of both on-site and off-site personnel into broad 
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• Source: U»5. A.omic Energy Commission 



WEGAWATTSe OF NUCLEAR POWER PLANTS 
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Chart 17 

COMPARISON OF THE TOTAL ACCUMULATED MEGAWATTS,, OF THE CURRENT AND PLANNED FOR NUCLEAR POWER PLANTS BY YEAR 
OF OPERATION THROUGH 1977 AND THE ACCUMULATED MEGAWATTS^ OF THE ANS SURVEY'S SAMPLED NUCLEAR POWER PLANTS 

BY THE YEAR IN WHICH THEY WILL BEGIN OPERATION. 
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ELECTRIC POWER UTILITIES 



classifications of scientists, engineers, technicians and others is presented 
in Table 20. The percent increases, for each classification, between July 1969 
and December 31, 1973 are: 



% 

Class of Employees 
Scientists 
Engineers 
Technicians 
Others 
TOTALS 



Increase Between July 1969 
and December 31, 1973 

220.7% 

95.4% 

228.2% 

277.9% 

181.4% 



Numerical Increase 
Between July 1969 and 
December 31, 1973 

64 

1,221 

938 

2,582 

4,805 



Although the overall personnel levels at these utilities will grow at a 
rate of 181.4% between July 1969 and December 31, 1973, engineering manpower 
(numerically the largest group in 1969) will grow at a rate (95.4%) less than 
all other groups during this time period. It is also interesting to note that 
requirements for scientists will increase by 220.7% (although this group is 
numerically the smallest). Perhaps the utilities are turning to the scientists 
to help them develop programs to overcome the objections now being raised with 
regard to ecology. 

Table 21 presents data concerning the total number of senior and reactor 
operators currently employed and projections of the utilities 1 requirements for 
these types for 1970 and 1973. The number of senior and reactor operators will 
grow at an overall rate of 374.6% between July 1969 and December 31, 1973. By 
the end of 1973, reactor operators will represent 69.6% of the total number of 
senior and reactor operators. The ratio of reactor operators to senior reactor 
operators (supervisors) is currently 2.6/1 and will be 2.3/1 in 1973. 



The total number of currently employed nuclear degreed scientists and 
engineers and projections of the utilities 1 requirements for these types in 



: , . - r 



Table 20 

CURRENT (1969) EMPLOYMENT OF SCIENTIS^ENGW^ AfJD ANS ^°-- ECTI0NS ° F ** M ‘ 

POWER REQUIREMENTS FOR 1970 AND 1973- 

(Data include- only personnel currently (1 969.1 employed and p! °"^ had or wilt be required to have 

have ar are planning ta have a nuclear pawer plant(s) in apcrat.an hy 1977- Only persanne 





'some** nuclear training are included.) 

OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ 

DECREASE 


1973 


INCREASE/ 

decrease 




SCIENTISTS (Includes Mathematicians) 


29 


60 


+31 


93 


+33 




ENGINEERS 


1,280 


1,890 


+610 


2,501 


+61 1 




TECHNICIANS 


4 n 


909 


+498 


1349 


+440 




OTHERS 


929 


2,272 


+ 1,343 


3,511 


+ 1,239 




TOTALS 


2,649 


5,131 


+ 2,482 


7,454 


+2,323 








Table 21 








j OTHERS categories af Table 20- 

"lame'' nuclear training ore included.) — — i 




OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


j INCREASE/ 
1 DECREASE 


i 

1973 


1 iurr+r i rr i 
IHLrl\ L_ r\OL/ 

DECREASE 


l 

1 


SENIOR REACTOR OPERATORS 


50 


157 


+ 107 


261 


+104 


f 

! 

j 


REACTOR OPERATORS 


131 , 


377 


+246 


598 


+221 




TOTALS 


181 


534 


+353 


j 859 


j +325 









Table 22 

- ELECTRIC POWER UTILITIES - AAJDOUICO 

CURRENT (1969) EMPLOYMENT OF NUCLEAR-DEGREE SC I E NT 1ST S A ND E NG IN E E R S A ND ANS PRO JEC TJ ONS O M^ ^ ^ 

REQUIREMENTS FOR THESE TYPES FOR 1970 AND 1973 _T> so da.o arc .ncludcd ihe S C «ENT .STS 

of Table 20. , 

. . . , . currentlv (\OAQ\ employed and planned lor omploymen. in 1970 and 1973 by electric power utilities _ .Ha. 

Jlr, i"., .. «, — -- - ' - — 



OCCUPATIONAL CATEGORIES 


CURRENT 

EMPLOYMENT 


1970 


INCREASE/ 

DECREASE 


1973 1 


INCREASE/ 

DECREASE 


SCIENTISTS 


12 


35 


+23 


50 


+ 15 


ENGINEERS 


167 


295 


+ 128 


409 


+114 


TOTALS 


j 179 


J 330 


+ 151 


459 


+129 
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1970 and 1973 are presented in Table 22. Employment of nuclear degreed 
personnel will grow at a rate of 156.4% (280) between July 1969 ar December 31, 



1973. By the end of 1973, nuclear engineers will outnumber nuclear scientists 
by about 8 to 1. 

Table 23 shows the comparison of the number of degreed employees for 1969, 
1970, and 1973, by level of degree, for both nuclear degreed and degreed (non- 
nuclear) personnel. For nuclear degreed personnel, there is an increased emphasis 
for BS level individuals (1969 - 44.9%; 1970 - 48.4%; and, 1973 - 53.9%). 
Corresponding to this emphasis on BS level nuclear degreed personnel is a slight 



de-emphasis on MS level nuclear degreed individuals. This de-emphasis also 
occurs for PhD level nuclear degreed individuals. 

The average number of personnel for each nuclear plant (96 plants) was 
calculated at 77.6 (based on the 1973 employment statistics). Approximately 
50.9 employees will work at the plant site while the remaining 26.7 employees 
will be centered at the utilities' central offices. Of the almost 78 employees 
per plant, 51 will have no degree and 27 will have degrees. As was previously 
stated, the vast majority (90%) of the degreed staff will work at the central 
office while nearly 94% of the non-degreed staff will work at the plant site. 

Annual incremental requirements for nuclear degreed personnel to fill new 
positions will be: 

Annual Incremental Requirements for Nuclear Degreed 
Personnel to Fill New Positions 
Year Scientists Engineers 



1969 (6 mo.) 



7 



1970 



16 



1971 



5 



1972 



5 

5 



43 

85 

38 

38 




1973 



38 



Table 23 

- ELECTRIC POWER UTILITIES - 

BREAKDOWN OF N UCL E A R -DEG RE E AND DEGREE (NON-NUCLEAR) PERSONNEL CURRENTLY (1969) EMPLOYED AND PLANNED 
FOR EMPLOYMENT IN 1970 AND 1973. BY LEVEL OF DEGREE - Data da not include degree Mathematicians. 

(Data include only personnel c urre nt ly (1 969) employed and planned for employment in 1970 and 1973 by electric power utilities that hove 
or are planning to have a nuclear power plont(s) in operation by 1977. Only personnel who have had or will be required to have "some" 
nuclear training are included.) 



LEVEL OF DEGREE 


TOTAL NUCLEAR 
DEGREED = 179 


% OF TOTAL 


TOTAL NON-NUCLEAR 
DEGREED = 1,130 


'% OF TOTAL 


BS 


80 


44.9% 


1,013 


89.6% 


MS 


91 


50.6% 


115 


10.2% 


PhD 


8 


4.5% 


2 


0.2% 



- 1970 - 



LEVEL OF DEGREE 


TOTAL NUCLEAR 
DEGREED - 330 


% OF TOTAL 


TOTAL NON-NUCLEAR 
DEGREED = 1,620 


% OF TOTAL 


BS 


160 


48.4% 


1,466 


90.5% 


MS 


160 


48.4% 


150 


9.3% 


PhD 


10 


3.2% 


4 


0.2% 



- 1973 - 



LEVEL OF DEGREE 


TOTAL NUCLEAR 
DEGREED = 458 


% OF TOTAL 


TOTAL. NON-NUCLEAR 
DEGREED = 2,136 


% OF TOTAL 


BS 


247 


53.9%. 


1,935 


90.6% 


MS 


198 


43.2% 


199 


9.3% 


PhD 


13 


2.9% 


2 


0.1% 

i 
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In addition to the electric utilities' aeec; for nuclear degreed scientists and 
engineers to fill new positions, allowances for attrition must also be included 
to arrive at the total technical manpower requirements of the electric utilities 
for nuclear degreed personnel. (Allowances for attrition are the same as' those 
previously used in this report: 8.4% for scientists and 7.6% for engineers.) 



Nuclear Scientists Nuclear Engineers 



Year 


Growth 


Replacements 


Total 


Growth 


Replacements 


Total 


1969- 
(6 mio.) 


7 


i 


8 


43 


13 


56 


1970 


16 


3 


19 


85 


22 


107 


1971 


5 


3 


8 


38 


25 


63 


1972 


5 


3 


8 


38 


28 


66 


1973 


5 


4 


9 


38 


31 


69 








■ - 


"" _l - 


TOTALS 


38 


14 


52 


242 


119 


361 


Average 


Annual 8,4 
Incremental 
Requirements 
(4*5 years) 


3.1 


11.5 


53.8 


26.4 


80.2 



Between July 1969 and December 31, 1973, the total requirements of the 
electric t?tilities for nuclear degreed scientists and engineers are 52 and 361 
respectively. For every nuclear scientist hired by the utilities, about 7 
nuclear engineers will be hired. 

SUMMATION OF IN-DEPTH INTERVIEWS 

In addition to updating the statistical data provided by the Rossin-Voigt 
study, the present study incorporated in-depth interviews with a representative 
sample of L.S. utilities. These utilities will have a total of 29 operating 
nuclear power plants by 1977 at a combined total megawattage e of 21,862 (30.7% 
of the total megawatts e for all U.S. nuclear power plants planned for operation 
by 1977). The average plant 9ize of the interviewed utilities is 754 megawatts e 
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A rubber of factors are utilised by the electric utilities to arrive at 
estimates of their technical manpower requirements. However, most of the 
utilities placed emphasis on what the "state of the art" of the electric utility 
industry will be in the future. For example, what are the possible new modes of 
electric power generation? What are the economic and esthetic considerations? 
With regard to the evaluation of the "state of the art," they feel that the 
current slowdown in orders for nuclear power plants reflects the utilities’ 
"wait-and-see" attitude on the performance, economics, and social consider at ions 
of nuclear power plants now being built or in operation. 

When hiring a scientist, or engineer in general, the majority of the 
interviewed companies indicated that ''■.he primary employment qualification is 
a combination of the extent of education and experience. More specifically, 
when the utilities hire technical personnel to fill their short-range manpower 
requirements, they hire exactly what they need at the present time. In this 
instance, emphasis is placed on the candidate’s experience in the electric 
power industry or a closely related industry as he will be required to 
immediately assume a responsible position without a significant amount of 
supervision or training. Hoxjever, when the utilities hire personnel to fill 
their long-range manpower requirements, the companies tend to hire a man for 
his potential usefulness. As a result, level of degree, age, etc. become 
important employment factors. 

Over 50% of the interviewed companies have experienced some difficulty 
in hiring degreed (non-nuclear) scientists and engineers during the past five 
years. This difficulty is especially acute with regard to mechanical engineers 
and engineers capable of assuming quality control responsibilities. All 
companies feel that the present manpower market is extremely tight for 
engineering types and they foresee no let— up in the near future, especially in 
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view of decreasing engineering enrollments. 

All interviewed companies believe their degreed (non-nuclear) technical 
staff can adequately adapt to and function in nuclear power plant technology 
because nearly 90% of nuclear power plant operations consist of conventional 
components which do not require the technical sophistication of nuclear engineers. 
Although the utilities indicated they would like their degreed individuals to 
have some nuclear training, they prefer to have their engineers take short 
or semester courses in nuclear technology after they have worked at the utility 
for a period of time. Some of the nuclear courses they would like their degreed 
(non-nuclear) engineers to be exposed to are: 

1. Radiation shielding 

2. Reactor materials 

3. Radio chemistry 

4. Health physics 

5. Fuel cycle management 

6. Radiation safety 

7. Radioactive waste disposal 

Furthermore, the electric utilities would like to see the universities incor- 
porate some of these nuclear courses in their engineering curriculum, hut not 
at the expense of eliminating or de-emphasizing the basic engineering courses. 

In other words, the utilities would encourage the educational institutions to 
keep their engineering programs n up-to-date' 1 with some coverage of the new 
technological advances while maintaining their emphasis on the classical 
engineering concepts. 

The utilities also believe it unfortunate that there are only a few graduate 
courses in engineering which are specifics 1 ly geared to the nr-’er industry. This 
is especially true in electrical engineering where the armU-n-is is placed on 




- 170 - 

190 



i 

I 




; . 



ELECTRIC POWER UTILITIES 



electronics rather than rotating machinery. With regard to chemical engineering, 
they would like the universities to include environmental considerations in 
their curriculuns . 

The primary employment qualification the utilities consider when hiring a 
nuclear degreed scientist or engineer is the extent of the candidate T s previous 
nuclear training or experience. They hire these specialists not only to broaden 
their nuclear expertise in view of the increasing complexity of AEC regulatory 
requirements but also to use the nuclear engineer as a training vehicle for the 
rest of the technical staff. 

Sixty percent of the interviewed companies indicated, at the time of the 
interview, that they have been successful ±n filling their needs for nuclear 
degreed personnel. Their success was attributed to the utilities' decision to 
pay higher salaries for nuclear degreed individuals than they would normally pay 
for equivalent degreed (non-nuclear) personnel. Furthermore, because these 
utilities have or are in the process of building a nuclear power plant, it seems 
they are able to attract nuclear degreed individuals more readily than utilities 
which are only in the planning stages. It was also obvious that the utilities 
which are experiencing some difficulty in filling their needs for nuclear 
engineers are still operating under the belief that "there are a lot of people 
who will accept a salary of $25,000 but have only $10,000 worth of experience." 

Another important factor which has contributed to the success of these 
utilities in hiring nuclear degreed individuals is that these companies have 
established, through their professional recruitors, good rapport with the nuclear 
science and engineering faculty. It was also Interesting t c note that each 
utility has its own 4 or 5 "pet" schools to which they go when they need to hire 
a nuclear engineer. Although these "pet" schools are normally in the some 
geographical area as the utility, there are 3 or 4 sc .ools which most utilities 
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ELECTRIC POWER UTILITIES 

contact for nuclear engineering students outside their geographical location. 

The interviewed utilities have increased their need for nuclear degreed 
personnel during the past five years primarily because of: 1) new nuclear 

power plant construction; 2) the complexity of AEC licensing requirements; 
and, 3) an increased awareness of the technical benefits derived from nuclear 
engineers. The utilities are becoming increasingly aware of the fact that 
nuclear degreed individuals am generally able to add significantly to the 
utilities expertise and, as a result, they believe that the nuclear engineer 
is coming into his own I 

In evaluating the applicability of nuclear engineers to the technical 
requirements of the utility industry, the companies generally feel that 
although the nuclear engineer is technically capable, the utilities are still 
required to train these Individuals in the basics of operating an electric 
utility. There x*as some criticism of the nuclear engineer as generally being 
too theoretically oriented and not grounded in the fundamental aspects of 
applied engineering. In this regard, the utilities favor the hiring of nuclear 
engineers from schools which have a training reactor. 

Some of the suggestions offered in response to an evaluation of the 
training received by nuclear engineers were: 1) nuclear engineers should 

receive more course work relating to quality control and quality assurance, 
and 2) at the bachelor's level the nuclear engineer seems to be weak in fluids, 
heat transfer, and strength of materials technologies. 

When hiring technicians, the utilities generally look at the candidate's 
potential usefulness. Tb?.y are primarily Interested in the high school graduate 
who has had some science coursework. 

Approximately two-thirds of these companies have experienced various degrees 
of difficulty in attracting qualified technician-level personnel. To overcome 
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this shortage, most of the utilities have incorporated "in-house" training 
programs. 

One of the major problems facing the utilities with regard to the hiring 
of technicians is the wage and hourly union agreements which have limited their 
ability to hire experienced and skilled technicians. This has also contributed 
their development of "in-house" training programs for tv, vnicians. 

Some of the nuclear related courses the utilities deem important for their 
technicians are: 

1. Waste disposal 

2. Reactor instrumentation 

| 3. Radio chemistry 

i 4. Health physics 

i ... 

i None of the interviewed companies were unduly concerned with filling 

l i . 

| their needs for nuclear reactor operators because they place the primary 

| responsibility for the training of these individuals with their reactor vendor. 

jr . . ' - . . ■ . 

\ Perhaps the most interesting statement made by one of the interviewed 

l ■ . , ••••••..,• 

! companies regarding the difficulty they are having in hiring degreed people 

was that the utilities must help to create a better image of their industry 

at the universities by making the faculty and students more aware of the 

problems facing the utilities. It is believed that this would stimul>« sore 

| students to pursue a career with the electric power utilities. 
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SUMMARY OF FINDINGS 

The study involved two separate surveys. The "fitst” survey was conducted in 
December, 1967 and included completed questionnaires from >-83 schools. Because 
there was a long delay between the completion of the university survey and the 
surveys concerned with the manpower requirements of private industry and electric 
utilities, another study was made with a sample of 25 universities that had par- 
ticipated in the "first" survey. The purpose of the "second" survey was to update 
the data provided by the 183 schools in the "fir- survey. 

Some of the significant results of the comparison of the data reported by the 
18 sample schools in the "first" surve;- and what they reported in the "second" 
survey are : 

1. The "second" survey showed a 5.7% increase in the currently employed staff, no 
change in staf* requirements for 1970 and a 5.0% increase in the technical 
manpower requirements for 1973. 

2. For currently employed part-time R & D personnel, the secotv ‘eport showed 
an increase of 34»2% over what the sample schools imported in the "fix®;/ 1 
survey, fhe "second" survey also showed a 15.3% and 24.6% increase in 
requirements for part-time R & D personnel in 1970 and 1973 respectively. 

3. Data reported in the "second" survey, as compared to Vhat was reported in 
the "first" survey by the 18 sample schools, indicated a decrease in full- 
time nucleax facilities staff by 5.8% (current), 12.8$ (1970, and 9.3% (197.:). 

The data reported in the "second" survey by the sample schools was extrapolated 
by the American Nuclear Society to the 183 schools that replied to the "first" 
survey. Some of the results of the extrapolated data were! 

1. The rate of growth at the educational institutions of 34.4% between July 1969 
and December 31, 1973. 
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2. A greater emphasis,, percentagewise, on teaching and research and development 
activities associated with nuclear and reactor engineering, health physics, 
radiation applications, and radiation biology. 

3. The number of reactor supervisors will be decreased by 10% of their current 
level. 

4. An increase, percentagewise, in the hiring of BS’s for R & D and nuclear 
facilit5.es activities. 

5. Between July 1969 and December 31- 1973, the total demand (growth and re- 
placements) for nuclear degreed scientists and engineers by the educational 
institutions is 1,392 and 408 respectively. 

6. The average annual incremental need for nuclear degreed scientists is 309.3; 
for nuclear degreed engineers, 90.7. 

COMPARISON OF THE DATA PROVIDED BY THE SAMPLE SCHOOLS FOR BOTH THE "FIRST" AND 

"second" surveys 

Of the 269 colleges and universities contacted in December 1967, 183 schools 
returned completed questionnaires (68.0%). Because the university survey was to 
be incorporated in the overall survey of technical manpower requirf its of the 
atomic energy field and, because the ether elements of the overall survey, namely, 
the in-depth interviews with private industry and the electric power utility 
survey were delayed in their completion, another survey of the educational, 
institutions was undertaken to update the data. The updated survey consisted of 
sending to a sample of twenty-five (25) schools, the questionnaire they had com- 
pleted in the “first*' survey. These sample universities were asked to review their 
previous estimates in light of the current situation at their school, and make 
corrections in their estimates if they felt their first estimates were no longer 
representative . 
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The updated survey, (hereafter known as the "second" survey), which was 
conducted during the months of July and August 1969, involved a select sample of 
25 universities. Eighteen of these 25 schools responded to the "second" survey. 

Of these 18 schools, 4 schools reported no change in their manpower requirements 
and student enrollments given in the "first" survey. The remaining 14 schools 
revised their initial estimates. 

The, total number of current and planned for staff reported by the 18 sample 
schools In the "first" survey represented 34.2% of the total currently employed 
staff reported by the entire 183 schools in the "firtt" survey, 37.2% of the 
total estimated staff in 1970 and 36.9% of the total estimated staff in 1973. 

(Refer to Table 24 for a comparison of the data reported by the 18 sample schools 
in the "first" and "second" surveys.) 

Comparison of these data show the sample schools reporting in the "second" 
survey increased the number of currently employed staff by 5.7% over what they had 
reported in the "first" survey. Their estimates of staff requirements for 1970 
remained the same between the "first" and "second" surveys. However, in the 
"second" survey, the sample schools reported a 5.0% increase in their estimates of 
staff requirements for 1973 over what they had reported in the "first" survey. 

In the "second" survey, Che data reported by the sample schools showed, in 
five of the six activities listed in the questionnaire (faculty, full and part- 
tiroej research and development personnel, full and part— timej and, nuclear facilities 
personnel, full and part-time), a numerical increase in the number of currently 
employed personnel over what they reported in the "first" survey. The largest 
percentage increase occurred in the area of part-time research and development 
personnel (34.2%). The only decrease occurred in the area of full-time nuclear 
facilities personnel (5.8%). 
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Although the total 1970 staff requirements estimated by the sample schools 
were the same for both the "first" and "second" surveys, specific requirements for 
part-time research and development personnel were increased by 15.3% in the 
"second" survey, while full-time nuclear facilities personnel requirements were 
decreased by 12.8% in the "second" survey. 

Total staff requirements estimated by the sample schools for 1973 showed an 
increase of 78 employees in the "second” survey, the largest percent increase 
was for part-time research and development personnel (34.6%) • The data reported 
by the sample schools in the "second" survey also showed a decrease in full-time 
nuclear facilities personnel (9.3%) over what they reported in the "first" survey. 

An analysis of the data reported by the sample schools in the "second" survey 
over what they reported in the "first" survey indicates a decline in requirements 
for full-time nuclear facilities staff. This reduction may very well reflect the 
anticipated reduction of government funds for support of university research reactors* 
Another significant finding was an increase in the "second" survey of staff 
requirements for research and development activities. The increase was particularly 
evident for part-time research and development personnel, and this increase may 
reflect the universities 1 interim concern over possible reductions in government- 
sponsored fellowships, scholarships, etc; To financially assist those students 
who will be affected by reductions in fellowships, etc., the schools may be planning 
to employ, on a part-time basis, a larger number of these students in research 
activities that have already been funded. Or, in view of decreasing R & D funds, 
it may be that the universities are planning to economize their operations by 
reducing their full-time technician staff while substituting their students for 
technician-related R & D work. 
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REQUIREMENTS FOR FACULTY/ RESEARCH AMD DEVELOPMENT/ AND NUCLEAR FACILITIES 
TECHNICAL PERSONNEL 

Data reported for the "second" survey by the sample schools were extrapolated 
to the 183 schools replying to the "first" survey. Extrapolations from the sample 
schools to the 183 schools were made only for the totals of each of the six work 
activities. For example: 



Full-Time Currently Employed R & D Personnel (183 schools - "first" survey) 

Full-Time Currently Employed R & D Personnel (18 sample schools - "first" survey) 

Full-Time Currently Employed R & D Personnel (18 sample schools - "second" survey) 



352 . 371 

842 * r X 



887 



=842 



=352 

=371 



Within each work activity, the American Nuoiear Society extrapolated total was 
then broken down into the various disciplined or employment titles, ry level of 
degree, using the percent distribution of the data reported by the 183 schools in 



the "first" survey. 

The final data represent the requirements of 183 schools and not the require- 
ments of the universe of 269 colleges and universities. The sample schools' data 
were not extrapolated to the entire universe of 269 schools because, after reviewing 
the 86 non-respondent schools and noting that they were generally small, liberal 
arts institutions with no graduate programs and especially no nuclear science and 
engineering programs, it was felt that the 183 surveyed schools represented more 
than 90% of the educational requirements for personnel who work in the atomic 
energy activities. It was also felt that the student enrollments in nuclear science 
and engineering at the 183 schools represent upwards of 95% of the total students 
enrolled in coursework leading to degrees in nuclear science and engineering. It 
was decided, therefore, to present data for only the 183 schools as it would be 
more representative of what is really happening in the educational community. 
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Data representing the number of faculty* by level of degree and discipline, 
currently employed and planned for teaching in the atomic energy field were 
obtained from the extrapolation by the American Nuclear Society of the sample 
survey to the 133 schools. (Refer to Table 25.) This Table includes the total 
number of currently employed full-time faculty and 50% of the reported 424 part- 
time faculty. For 1970 and 1973, respectively. Table 25 also includes 50% of 
the reported 435 and 489 planned for part-time teaching faculty. 

Percentage increases between the number of currently employed faculty, 
teaching a specific nuclear science and engineering discipline, and the total 
number that will be required to teach each discipline in 1973 are: 



% Increase in Faculty Number of Faculty 

Nuclear Science and Required Between Required Between 

Engineering Discipline July 1969 and Dec. 31. 1973 July 1969 and Dec. 31, 1973 





Thermonuclear Physics 


120.7% 


35 


i 


1 

i- 

e 


Other Nuclear Engineers 


59.8% 


61 


i 




Health Physics 


46.9% 


23 


1 


J 

| 


Radiation Application 


41c 5% 


27 


j 

) 


! 

. 


High Energy Physics 


36.5% 


91 


j 

: 

; 


l 

i 


Reactor Engineering 


31.9% 


44 


( 

i 


i 

F 


Nuclear and Radiation Chemistry 


27. 1% 


26 


1 


| 


Radiation Biology 


26.3% 


26 


i 

? 

i 


1 


Nuclear Physics 


26.2% 


118 


} 

i 

\ 


V 

1 


Although faculty teaching nuclear physics are numerically the 


largest group 


i 

\ 

> 


1 


reported, the trend, percentagewise. 


seems to be for more emphasis 


on the nuclear 




science and engineering disciplines. 


It is perhaps significant that 3 of the 4 


1 

| 



disciplines that have the largest percent increases in faculty requirements between 
July 1969 and December 31, 1973 are more concerned with the applied engineering and 
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operational aspects of the atomic energy field rather than the basic research 
disciplines of nuclear physics, high energy physics, etc. 

The extremely large percent increase in faculty teaching thermonuclear physics 
could be attributed not only to the fact that the numbers are relatively small but 
also to an anticipation of increased government activity in the development of 
nuclear power by fusion reactions. 

As would be expected, the vast majority of the faculty have or will be 
required to have PhD degrees 91.8% (current), 93.1% (1970) and 94.1% (1973) • 

It is interesting to note* however, that by 1973 approximately 18*1% of the faculty 
teaching health physics, 12:. 1% teaching reactor engineering, and 10.9% teaching 
radiation applications will have only MS degrees. These percentages are well above 
the overall percentage of faculty with MS degrees 7.0% (current), 6.1% (1970), 
and 4.9% (1973) 

Data for the 183 schools representing the number of R & D personnel currently 
employed, by level of degree and discipline being researched, and planned for 
employment in 1970 and 1973 is presented in Table 26. This Table includes the 
total number of full-time R & D personnel nd 50% of the reported 539 currently 
employed part— time R & D personnel. Tab} 16 also includes, for 1970 and 1973, 

respectively, 50% of the reported 538 an 706 planned for part-time R & D personnel. 

The percent increases between the number of currently employed R & D 
personnel, by the nuclear science and engineering discipline being researched, 
and the total number required by December 31, 1973 are: 



% Increase in R & D Personnel Number of R & D Personnel 
Nuclear Science and Required Between Required Between 



Engineering Discipline 


July 1969 and Dec. 31, 1973 


July 1969 and Dec. 31, 1973 


Thermonuclear Physics 


194.1% 


33 


Radiation Biology 


61.4% 


43 


Health Physics 


58.1% 


18 
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% Increase in R & D Personnel Number of R & D Personnel 



Radiation Applications 
Other Nuclear Engineering 
Reactor Engineering 
Nuclear Physics 
Nuclear & Radiation Chemistry 
High Energy Physics 



56.8% 
52.8% 
43.4 % 
39.9% 
11 . 8 % 
10 . 2 % 



42 

47 

23 

119 

10 

45 



Although the combined number of R & D personnel working in the areas of high 
energy physics and nuclear physics nre numerically the largest disciplines in 
relation to the other disciplines 63.3% (current), 58.7% (1970), and 58.7% (1973, 
both rank in the bottom third of the disciplines listed by the percent increase in 
R & D personnel between July 1969 and December 31, 1973. In fact, R & D personnel 
working in high energy physics research actually declined from current employment 
to anticipated employment in 1970 by 12.7%. This decrease in high energy physics 
R & D personnel occurred primarily at the technician level. 

It is evident that although research and development efforts will continue 
to be heavily concentrated in the areas of nuclear physics and high energy physics, 
the universities seem to anticipate increased research and development projects 
in other nuclear science and engineering disciplines. With the public’s concern 

now being expressed over radiation safety, thermolpollut ion and ecology, it is 
interesting to note that the schools are responding by building up their research 
capacity and capability in radiation biology and health; physics. 

Percentage increases in the number of PhD’s, MS’s, BS»* and technicians 
currently employed and planned for employment by December 31, 1973 in R & D 
activities arei 
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% Increase o:T R & D Personnel Numerical Increase in R & D 
Required Between Personnel Required Between 



Level of Degree 


July 1S69 and Dec. 31. 1973 


July 1969 and Dec 


PhD's 


51.8% 


200 


MS's 


18.3% 


28 


BS's 


70.6% 


89 


Technicians 


12.8% 


63 



It is interesting to see how the universities retain their PhD personnel 
when government research funds are cutback. The PhD's are retained, apparently, 
at the expense of full-time R & D technicians who can be easily replaced by 
graduate students at considerably leas operating expense to the schools. 

Data for the 183 schools representing the number of nuclear facilities 
personnel currently employed and planned for employment in 1970 and 1973 by 
level of degree and employment title, are presented in Table 27. This Table 
includes the total number of full-time nuclear facilities personnel and 50% of 
the reported 172 currently employed part-time nuclear facilities personnel. 

The Table also includes, for 1970 and 1973 respectively, 50% of the reported 
191 and 235 planned for part-time nuclear facilities personnel. 

Percentage increases between the number of nuclear facilities personnel 
currently employed and planned for employment in 1973, by employment title, are: 



% Increase in Nuclear 
Facilities Personnel 



Numerical Increase in Nuclear 
Facilities Personnel 
Required Between 



Employment Title July 


1969 . and Dec. 31, 1973_ 


July 1969 and Dec 


Accelerator Operators 


56.1% 


55 


Reactor Operators 


46.3% 


44 


Radiation Safety Officers 


34.5% 


30 


Accelerator Supervisors 


27.1% 


13 


Reactor Supervisors 


-10.0% 


-5 
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Not only are accelerator and reactor operators numerically the largest groups 
reported but they also rank first and second in the percent increase between 
July 1969 and December 31, 1973. Of the 99 individuals that will be hired to 
fill new positions as either accelerator or reactor operators, 57.6% will be 
technician-level personnel* 

Reactor supervisory personnel will decrease by 10% between 1969 and 1973. 

These reductions will only occur with degreed personnel (1 PhD and 10 MS’s). 
Employment of BS degree holders will increase by 60% (6) in reactor supervisory 
roles while technician level personnel will remain the same. 

There will be a net increase of 13 accelerator supervisors between July 1969 
and December 31, 1973. Twelve new positions will open for degreed personnel 
(4 PhD's and 8 MS T s); 2 BS degreed individuals currently employed as reactor 
supervisors will be lost resulting in a net gain of 10 new accelerator super- 
visory positions* 

Half of the projected 30 new radiation safety officer (health physicists) 
positions will be filled by degreed personnel. Although 3 PhD's will be lost, 

2 MS's, and 16 BS's will be hired resulting in a net gain of 15 degreed radiation 
safety officers. The remaining 15 new positions will be filled by technician- level 

personnel* 

Percentage increases in the number of PhD's, MS's, BS's. and technicians 
currently employed and planned for employment in 1973 in nuclear facilities 
activities are: 
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Level of Degree 
PhD's 
MS's 
BS's 

Technicians 



% Increase in Nuclear Numerican Increase in Nuclear 

Facilities Personnel Facilities Personnel 

Required Between Required Between 

July 1969 and Dec, 31» 1973 July 1969 and Dec* 31» 1973 



12 . 8 % 

30.9% 

38.1% 

43.1% 



5 

25 

32 

75 



Data concerning the universities' requirements for reactor operators and 
supervisors seems to be inconsistent (increasing operators and deceasing 
supervisors). In 1969 , for example, the ratio of reactor operators to super- 
visors was 119/1 while the projected ratio for 1973 is 3.1/1. A possible 
explanation for inconsistency is that the schools are attempting to readjust 
their operating budgets in anticipation of reduced government support of research 
reactors. In effect, by reducing their supervisory personnel, they are reducing 
their direct costs. 

To arrive at the total technical manpower requirements of the educational 
institutions active In the atomic energy field, it was assumed that all new 
faculty, research and development, and nuclear facilities personnel positions 
that required degreed individuals would be filled with nuclear degreed scientists 
and engineers. It was also assumed that not only will all growth-related 
positions be filled with nuclear-degreed personnel but also all replacement 



positions. 

The overall growth in technical manpower requirements of the 183 surveyed 
schools during the period extending from July 1969 through December 31 , 1973 was 
calculated to be 34.4% or a total of 968 new technical positions. 

Percentage increase in the number of scientists, engineers and technicians 
that will be required between July 1969 and December 31, 1973 are: 

- 158 - 




EDUCATIONAL INSTITUTIONS - 
MANPOWER REQUIREMENTS 



% Increase in Technical Numerical Increase in Technical 



Categories of 
Technical Personnel 


Manpower Requirements Between 
July 1969 and Dec. 31. 1973 


Manpower Requirements Between 
July 1969 and Dec. 31, 1973 


Engineers 


43,2% 


205 


Scientists 


37.4% 


625 


Technicians 


20.7% 


138 



Although the requirements for scientists are numerically larger, the requirements 
for engineers have the largest percentage increase. The fact that the educational 
institutions are increasing their engineering staff at a rate greater than that for 
scientists may be due to an increased awareness of industry's perference. for 
graduates trained in engineering rather than in science disciplines. 

The percent increase in the total staff requirements, by level of degree, 
between July 1969 and December 31, 1973 are: 



Increase in Technical 



Numerical Increase in Technical 



Level of Degree 
PhD's 
MS's 



Manpower Requirements Between Manpower Requirements Between 



July 1969 and Dec. 31« 1973 
659 
48 
123 
138 



July 1969 and Dec. 31. 1973 
41.3% 

14.9% 

54.4% 

Technicians 20.7% 

These data again point out the continuing emphasis on hiring PhD's, especially 
for faculty positions, and an increased emphasis on hiring BS's for work in R & D 
and nuclear facilities activities. . ■ . . \-.7\ ' " 

When considering the breakdown of the educational institutions' staff 

requirements by work activity, the following percent increases were calculated 
for the time period extending from July 1969 through December 31, 1973: 
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Work Activity 


% Increase in Technical 
Manpower Requirements Between 
July 1969 and Dec. 31, 1973 


Numerical Increase in Technical 
Manpower Requirements Between 
July 1969 and Dec. 31, 1973 


Nuclear Facilities 
Personnel 


36.2% 


137 


Faculty 




35.3% 


451 j 


R & D Personnel 




32.8% 


380 



A graphical representation of the overall technical manpower growth of the 
educational institutions by work activity is presented in Chart 18. 

If all new non technician- level positions are filled with nuclear degreed 
scientists and engineers, the annual incremental needs will be: 



Annual Incremental Requirements for Nuclear Degreed 
Personnel to Fill New Positions 



Year 


Scientists 


Engineers 


1969 (6 mo.) 


61 


27 


1970 


124 


55 


1971 


146 


41 


1972 


147 


41 


1973 


147 


41 


In addition to 


the educational institutions* 


requirements for nuclear 



degreed scientists and engineers to fill new positions, allowances for at*' ion 
must also be included to arrive at the total technical manpower requirem 
the universities. (Allowances for attrition are the same as those used previously 
in this report: 8.4% for scientists; 7.6% for engineers; and, 11.0% for technicians.) 
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number of nuclear science and engineering personnel 





COMPARISON OF THE CURRENT (1969) AND PLANNED FOR <1 970-1 973) EDUCAT IONA L INST . , UT10NSNUI ; L- A^SCIENC 
AND ENGINEERING FACULTY, RESEARCH AND DEVELOPMENT PERSONNEL AND NUCLEAR FACILI 
Includes full-time STAFF and S0% of the reported part-time STAFF. 
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Nuclear Scientists Nuclear Engineers Technicians 



Year 


Growth 


Replacement 


Total 


Growth 


Replacement 


Total 


Growth 


Replacement 


Total 


1969 
(6 mo.) 


61 


70 


131 


27 


18 


45 


-3 


37 


34 


1970 


124 


156 


280 


55 


42 


97 


-6 


61 


55 


1971 


146 


168 


314 


41 


45 


86 


49 


65 


114 


1972 


147 


180 


327 


41 


48 


89 


49 


70 


119 


1973 


147 


193 


340 


41 


,52 


93 


49 


J75 


124 


• TOTALS 


625 


767 


1,392 


205 


205 


410 


138 


308 


446 


Average Annual 
Incremental 138.9 
Requirements 
(4% years) 


170.4 


309. 


3 45.1 


45.6 


91.1 


30.7 


68.4 


99.: 



Between July 1969 and December .31, 1973, the total demand by the educational 
institutions for nuclear degreed scientists and engineers is 1,392 and 410 
respectively. For every nuclear engineer required by the educational institutions, 
about 3.4 nuclear scientists will be needed. 




CURRENT AND PROJECTED SUPPLY OF NUCIfAR DFORFFT) SCIENTISTS AND B'lGINEERS 

>ARISON OF THE DATA PROVIDED BY THE SAMPLE SCHOOLS FOR BOTH THE "FIRST" AND 
BND SURVEYS 

As has been previously described, a "second" survey to bring the data up- 
late was conducted with a sample of 25 universities that had participated in 
"first" survey. Eighteen of these schools replied to the "second" survey. Foqr 
:he reporting schools indicated no change in their estimates of student enrollments 
uiclear science and engineering. The remaining 14 schools revised the estimates 
7 had given in the "first" survey. 

The total number of current and planned for student enrollments in coursework 
ling to degrees in nuclear science or engineering that were reported by the 
sle schools in the "first" survey represented 34.3% of the total current student 
ailments reported by the 183 schools, 36*6% for 1970 and 42.8% for 1973. 

Eer to Table 24 for a comparison of the data reported by the sample schools for 
ti the "first" and "second" surveys.) 

Comparison of the student enrollment data shows that the sample schools 
reased their current student enrollment figures by 4.7% in the "second" survey 
r what they had reported in the "first" survey. In addition, the sample schools 
the "second" survey, decreased the student enrollment estimates they gave in the 
rst" report by 6.8% and 3.7% for 1970 and 1973 respectively. 

IMATFS OF STUDENT ENROLLMENTS IN COLJRSEWORK LEADING TO DEGREES IN NUCLEAR 
ENCE OR ENGINEERING 

Data reported by the sample schools in the "second" survey were extrapolated 
the American Nuclear Society to the 183 schools replying to the "first" survey, 
rapolations were only made for the total enrollments for each time period 
rrent, 1970, and 1973). For example: 
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Number of Students Currently Enrolled (183 schools - "first" report) = 4,422 
Number of Students Currently Enrolled (18 sample schools - "first" report) =* 1,519 
Number of Students Currently Enrolled (18 sample schools - "second" report) =» 1,591 



1,519 



^ 1*591 



4,632 



4,422 X 

The extrapolated tota. were then broken down into the 9 nuclear science and 
engineering disciplines listed in the questionnaire using the percent distribution 
of the data initially reported by the 183 schools. The resultant data are presented 
in Table 28. 

The data show that between June 1969 and December 31, 1973, student enrollments 
in nuclear science and engineering will increase by 52.7% (2,443). The breakdown 
of the percent increases between current enrollments and estimated enrollments in 
1973 by nuclear science and engineering discipline are: 



Nuclear Science and 
Engng. Discipline 



% Increase in Student Numerical Increase in Student 
Enrollments Between Enrollments Between 

July 1969 and Dec. 31, 1973 July 1969 and Dec. 31, 1973 



Radiation Biology 


93.6% 


147 


Thermonuclear Physics 


76.1% 


67 


Nuclear and Radiation Chemistry 


65.0% 


184 


Reactor Engineering 


y? „ > ", 


56® 


Other Nuclear Engineering 


50.7% 


526 


Nuclear Physics 


47.3% 


620 


High Energy Physics 


47.1% 


229 


Radiation Application 


40.9% 


74 


Health Physics 


30.0% 


36 


Although student enrollments in nuclear 


physics 


show the largest numerical 


it ranks only sixth in percentage increase. The 


significance of the data 



the large increase, both numerically and percentagewise, in student enrollments 
in nuclear and reactor engineering disciplines. 
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Percentage increases in student enrollments by level of degree being sought are: 



% Increase in Student Numerical Increase ih Student 
Enrollments Between Enrollments Between 



Level of Degree 


July 1969 and Dec* 31 » 1973 


July 1969 and Dec, 31* 1973 


PhD's 


52.9% 


1,005 


MS's 


46.2% 


541 


BS * s 


57.4% 


897 



Although the schools will continue to place emphasis on PhD candidates they are 
apparently planring to build up their nuclear science and engineering programs at 
the BS level. 



ESTIMATES OF THE ANNUAL SUPPLY OF GRADUATED NUCLEAR SCIENTISTS AMD ENGINEERS 
WHO WILL ENTER THE WORK FORCE 

In order to translate student enrollments in nuclear science and engineering 
disciplines into estimates of the annual supply of nuclear scienr'- n nd engineering 
graduates who will be available for employment in the atomic energy f'-.eld, a 
telephone survey was conducted by the American Nuclear Society during the week 
of February 2, 1970. Eighteen major nuclear science and engineering degree 
granting universities were contacted. The telephone survey consisted of the same 
four questions for each level of degree. The data requested was limited to the 
1968-1969 academic year . The questions asked and the data collected from the 

18 schools were: . J- 

1) How many students were enrolled in coursework leading to a degree in 

nuclear science or engineering? 



Level of Degree 
'! PhD's 
MS's : 

*:••• ‘'V' BS’ s 



Student Enrollments 
353 
405 
544j 

TOTAL 1,302 | 
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2) How many students were conferred degrees in nuclear science or engineering? 

Level of Degree Number of Degrees Conferred 
PhD's 97 

MS's 184 

BS's 88 

TOTAL 369 

3) How many students who receive a degree in nuclear science or engineering 

enrolled in coursework leading to an advanced degree in nuclear science or 

engineering or, in the ca9e of graduating PhD's, to post-graduate study? 

Number Enrolled in Advanced Nuclear 
Level of Degree Conferred Science or Engineering Degree Programs 



PhD's 

MS's 

SS's 



5 
63 
23 

TOTAL 91 

4) Approximately how many graduating nuclear science and engineering students 
were drafted or voluntarily joined the military service? 



Level of Degree Conferred 
PhD's 
MS's 
BS's 



Number Drafted or Voluntarily 
Joined the Military 



1 
28 
13 

TOTAL 42 

From these data, the following percentage were calculated: 

1) Percentage of graduating nuclear science and engineering students to the 
total number of students enrolled by level of degree. 

Level of Degree % of Graduates to Total Student Enrollments 



PhD's 



27.5% 
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% of Graduates to Total Student Enrollments 



O 

eric: 

vUSB&DflSB 



Level of Degree 

MS’s 45.4 % 

BS’s 16.2% 

2) Percentage of the total number of graduating nuclear science and engineering 
students v;ho enrolled in advanced nuclear science or engineering degree 
programs. 

% of Graduates Entering Advanced 
Level of Degree Degree Programs _____ 

PhD's 5.2% (Post-graduate) 



MS's 34.2% 

BS’a 26.1% 



3) Percentage of the total number of graduating nuclear science and 
engineering students who were drafted or voluntarily joined the 
military service. 

% of Graduates Who Went Into The 
Level of Degree Military Service __ 

PhD’s 1.0% 

MS's 15.2% 

BS's 14.8% 

Another important factor affecting the available work force is the percentage of 



alS students enrolled in nuclear science and engineering who are foreign nationals 
aod the percentage of all conferred MS and PhD degrees in nuclear science and 
engineering that are foreign students who will return to their home country or a 
country other than the U.S. This information was obtained from Dr. A. David 
.-fist's study of "Foreign Students Obtained MS and PhD Degrees at American 
Universities (1952-1967)." In this study. Dr. Rossin included nuclear engineering 
degrees granted through June 1967. The percentage of foreign students to the total 
number of MS degrees granted in nuclear engineering was 14.7%. The percentage of 
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Turnover and Transfers = 2.4%. 
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graduating PhD's in nuclear engineering who were foreign students was 20.4%. 

Using the data from the Rossin study, percentages of the foreign students 
who would leave the U.S. were calculated. Approximately 75.1% of the graduating 
foreign students with MS’s in nuclear engineering returned to their own country 
or a country other than the U.S. At the PhD level, 55.9% of the graduating 
foreign students in nuclear engineering left the U.S. 

These percentages were applied to the estimated student enrollments in 
nuclear science and engineering for the 183 schools (Table 28) to arrive at the 
total number of annual graduating nuclear or reactor engineering (Table 29) and. 
nuclear science (Table 30) students who will be available for employment in the 
atomic energy field. 

Analysis of the data show that during the period extending from June 1969 
through December 31, 1973, 5,367 nuclear science and engineering graduates will 
enter the work force of the atomic energy field. The average number of graduating 
nuclear science and engineering students entering the work force is 1,073/year - 
by level of degree the averages are: PhD's - 574/yr.j MS's - 295/yr. ; and 

BS's - 205/yr. 
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COMPARISON OF THE SUPPLY AND DEMAND FOR NUCLFAR- DEGREED SCIENTISTS AND ENGINEERS 

In this section of the report, the comparison of the supply and demand for 
nuclear degreed scientists and engineers refers only to the manpower demands of 
selected private industries, electric utilities, educational institutions and GOCO 
facilities. The demand for nuclear degreed scientists and engineers is based on the 
premise that these individuals must spend at least 50% of their working time in 
atomic energy activities. Also, only one-half of the attrition requirements of 
GOCO facilities has been included. 

Table 31 presents the current employment of nuclear degreed scientists and 
engineers at only private industries, electric power utilities and educational 
institutions and ANS projections of their requirements for nuclear degreed individ- 
uals for 1970 and 1973. These data represent only their requirements for nuclear 
degreed scientists and engineers to fill new positions and does not include allowances 
for attrition . The demand data for nuclear degreed individuals is somewhat over- 
stated as it was assumed that all new positions requiring degreed scientists and 
engineers at the educational institutions covered in this study would be filled by 
nuclear degreed personnel. Likewise, it was also assumed that all graduating 
nuclear science and engineering students who are available for employment would 



enter the atomic energy field. It is felt, however, that these assumptions would 
essentially cancel each other out and the effect upon the data would be negligible. 



The growth in demand by private industries, electric power utilities and 
educational institutions active in the atomic energy field for nuclear degreed 
scientists and engineers between July 1969 and December 31, 1973 is 52.7%. The 
growth in demand for nuclear degreed scientists during this period of time is 
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The growth in demand for nuclear degreed engineers during this period is 62.2%. 

Tables 29 and 30 show the comparison of the current and ANS projected annual 
supply of nuclear degreed scientists and engineers to the estimated annual 
demand for these types by private industries, electric power utilities and 
educational institutions during the period extending from July 1969 through 
December 31, 1973. The supply data represent graduating nuclear-de^reed scien- 
tists and engineers wno ■wclII actually be available for employment un the atomic 
energy field. Also,, —he demand data represents- requirements for nuclear-degreed 
individuals to fill not only new positions but also replacement positions. 

Chart 19 shows the relationship between the total estimated supply of 
nuclear degreed scientists and engineers to that part of the estimated demand 
for these types by private industries, electric power utilities, educational 
institutions, and G0C0 facilities. Charts 20, 21, and 22 show the relationship 
between the total estimated supply of nuclear degreed scientists and engineers, 
by level of degree, and the total estimated demand for nuclear degreed scientists 
and engineers, by level of degree. 

Analyses of these charts show an apparent availability of nuclear degreed 
individuals and, in particular, an excess of nuclear degreed scientists at 
the PhD level. In fact, the estimated output of these individuals is growing 
at a rate exceeding the estimated demand (note the relative stability of the 
demand for these types between 1970 and 1973). With regard to nuclear degreed 
engineers, the situation is somewhat different. At the PhD level, the disparity 
between the estimated supply and demand for nuclear degreed engineers is rela- 
tively small and, in the case of the BS and MS level nuclear degreed engineer, 
their demand is greater than the estimated supply. 



Table 31 

CURRENT (1969) EMPLOYMENT OF NUCLEAR-DEGREE SCIENTISTS AND ENGINEERS AT PRIVATE INDUSTRY, ELECTRIC POWER 
UTILITIES AND EDUCATIONAL INSTITUTIONS AND ANS PROJECTIONS OF THEIR REQUIREMENTS FOR THESE TYPES FOR 1970 

AND 1973. 

(Data include only nuclear-degree sc*entists and engineers who spend or will spend at least 50% of their working time in atomic energy 
activities. Data do not include requirements for nuclear-degree scientists and engineers by government-owned -controc tor -operated organ- 
izations, national laboratories, defense production facilities and federal ii'r^jces.) 



OCCUPATIONAL CATEGORIES 


i 

CURRENT 

JM, j L(OY/MENT 


1970 


INCREASE/ 

DECREASE 


1973 


INCREASE/ 

DECREASE 


SCIENTISTS (Life & Physical) 


236^ 


2725 


+ 360 


3454 


+729 


ENGINEERS 


i 

1*655* 


2081 


*426 


2684 


+603 


TOTALS 


40Z> 


4806 


+786 


6138 


+ 1332 



(1). Figures include the educational institutions* cxamently employed and plonned for scientists and engineers who may or may not have 
degrees in Nuclear Science or Engineering. For purposes of t:hc study, it was assumed that all new degree positions at the edu- 
cational- institutions will be filled with Nuclear degree holders. 
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P 



Ir. ? : r.rir.: u> '■ lx i.,:. , cli-.cl vie prv.vr utilities and educations.. 

instils tier,:; , Iher:. are other ;.inj o r employment markets ior nuc Lear degreed inoivr— 
duals . In tact, COCO o r ga n i :ia t ion s (the national laboratories and defense produc- 
tion facilities) and state and federal services have historically been the primary 
employers of nuclear degreed scientists and engineers, jjone. of. . thi-Sfi . H c i3Lg. 
in the study itself. Under normal circumstances these employment markets (especial- 
ly the national labs), would more, than account for the difference between supply 
and demand indicated above.. However, the key phrase is "under normal circumstances. 
With drastic cuts in government funds for research in the atomic energy field, thes>. 
employment markets, at least in the near future., will not constitute a major source 
of demand for scientists or engineers in general or of nuclear degreed scientists 
and engineers in particular. Therefore, COCO demands included in charts 19 - 22 
provide for no growth and only 50% of estimated normal attrition. 

In an attempt to substantiate the employment outlook at the national iaboia- 
tories, the American Nuclear Society conducted a telephone survey with /( national 
labs. The '5 questions asked were: 

1) How. many scientists and engineers are currently employed at your laboratory? 

2) What percentage (or how many) of your currently employed scientists and 
engineers received their degrees specifically in nuclear science or engi- 
neering? 

3) About how many nuclear degreed scientists and engineers does your laboratory 
normally hire each year? 

A) Do you expect to maintain this rate of employment for nuclear degreed 
individuals during the next four years? 
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Chart 21 

COMPARISON OF the CURRENT (1969 • 6 MO.) AND ANS PROJECTED (1970-1973) ANNUAL SUPPLY OF GRADUATING NUCLEAR 
SCIENTISTS AND ENGINEERS WITH MS’S TO THE ANS ESTIMATED ANNUAL DEMAND FOR THESE TYPES BY PRIVATE 

INDUSTRY. ELECTRIC UTILITIES, EDUCATIONAL INSTITUTIONS AND GOCO FACILITIES. 
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5) Of the nuclear degreed scientists and engineers currently employed at your 
laboratory, what is their approximate breakdown by level of degree earned? 

The four national laboratories had a combined total of 7,130 scientists and 
engineers working for them. In 1968 there were 17,125 scientists and engineers 
employed at all national laboratories as reported by the Bureau of Labor Statis- 
tics. Thus, the laboratories contacted in the ANS survey represent 41.64 of the 
total number of scientists and engineers employed at all national laboratories in 
1968. Of the sample laboratories' 7,130 scientists and engineers, 245 (4.8%>) 
have received an identifiable degree in nuclear science or engineering. (Recent 
estimates provided by AEC indicate that the 4/8% is low and is more on the order 
of 20-25%.) Extrapolating from the data provided by the sample laboratories 
to the entire national laboratory complex, approximately 822 of the reported 
17,125 scientists and engineers employed at the national laboratories in 1968 
had earned their degrees in nuclear science or engineering. If one were to assume 
that the percentage of nuclear degreed scientists and engineers in the total 
number of scientists and engineers employed at national laboratories would also 
hold for the.* defense production organizations (4,038 scientists and engineers 
employed at defense production facilities in 1968), this would result in another 
194 nuclear degreed scientists and engineers. By. this reasoning, a total of 1,016 

nuclear degreed scientists and engineers were employed at both the national labora* 

tories and defense production facilities in 1968. 

As a result of cuts in government research expenditures, the national labs are 
presently reducing their overall work forces by laying-off some employees and by 
restricting the number of new employees they will hire to fill positions that will 
open by natural attrition. Generally speaking, the national labs are planning to 
hire only a few scientists and engineers for new positions and only a portion of 
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those lost through normal attrition. It seems that the labs are following a general 
principle of replacing these individuals only when a "key" position is involved. It 
is evident, therefore, that for the next few years the national laboratories will 
not hire many scientists or engineers and, in particular, will not hire many recent 
graduates regardless of their educational background. One can assume that what is 
happening at the national labs is also happening at the other COCO facilities. 

It is necessary to also take into consideration the effect of the layoffs at 
the national laboratories on the total manpower market in the atomic energy field 
and especially the effect on graduates in nuclear science and engineering. Employees 
who are members of the American Nuclear Society who have been laid-off by a national 
laboratory (there have been many) have found employment elsewhere in the atomic 
energy field. Obviously, when a prospective employer has the choice between a 
recent nuclear degreed graduate and someone who has worked at a national laboratory, 
he will hire the experienced individual. The net result of government cutbacks in 
research appropriations is the detrimental effect the cutbacks will have on the 
country's future nuclear capability, both technologically and in terms of skilled 
manpower resources. The effect of these budget cuts on the graduating nuclear 
degreed individual's ability to find work for which he is trained can be expected 
to depress the future enrollments of students in nuclear science and engineering 

disciplines. 

For the. present, graduating nuclear degreed students will have to readjust 
their thinking regarding their method of obtaining work in the atomic energy field, 
in the next fen years there will not be as many research positions available as 
there have been in the past. The student and his faculty advisor mill have to 
take the initiative for contacting organisations which do not normally recruit 
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at their campus. There are hundreds of companies (refer to the NUCLEAR NEWS 
BUYERS GUIDE) active in the atomic energy field which would be receptive to 
inquires from nuclear degreed graduates. However , the student must want to work 
for private industry and he will have to convince these companies as to how his 
educational background in nuclear science or engineering will help the company 
solve some of its problems. 

In interpreting the results of this study , one may come to the conclusion 
that the educational institutions must reduce their output of nuclear degreed 
scientists and engineers. However, this approach would certainly be foolhardy 
when one considers what the long-term effects would be on the atomic energy field. 

The schools must continue to train people for the nuclear field at about the 
rate estimated in this study. What the results of the study indicate are that 
the educational institutions are doing an excellent job in meeting the demands 
of the atomic energy field for nuclear degreed scientists and engineers. However, 
the schools should re— evaluate the relative emphasis they place on specific degree 
levels and disciplines. For example, the universities could stabilize, for the 
next two or three years, their output of PhD level nuclear scientists and BS 
level nuclear engineers while increasing their output of MS level nuclear engineers 
and BS level nuclear scientists. Hie rate of output of PhD level nuclear engineers 
should stay about the same as it currently is but the schools might consider an 
increase productivity of PhD nuclear engineers who have industrial ambitions. By 
providing the PhD candidates with an opportunity to conduct research on industrial 
related problems, the student, school and industry will benefit. 

The in-depth interviews with selected private companies clearly showed a lack 
of knowledge on the part of industry in general (excluding, perhaps, the reactor 
manufacturers and the organizations involved in the design and engineering of 
nuclear facilities) as to what a nuclear degreed scientist or engineer is trained to do. 
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If these organizations do not have an appreciation for what a nuclear engineer 
does, they probably are also unaware of the benefits their company can realize 
by having a nuclear engineer on their staff. It is suggested, therefore, that 
the nuclear science and engineering faculty, who are responsible not only for 
teaching students but also for ensuring their employment, do some missionary work. 



DEMAND FOR SCIENTISTS/ ENGINEERS AND TECHNICIANS BY SELECTED SEGMENTS OF THE 
ATOMIC ENERGY FIELD 



Table 32 presents the total estimated demand for scientists, engineers and 
technicians for 1969, 1970, and 1973 only at electric power utilities, educational 
institutions, and private industry. The increase in manpower requirements, by 
occupational category, between July 1969 and December 31, 1973 represent the total 
number of scientists, engineers, and technicians needed to fill new positions at 
private industry, electric utilities, and educational institutions. Therefore, 
between July 1969 and December 31, 1973, these 3 sectors of the atomic energy 



field will grow by 49.3%. 

Occupational Categories 

Technicians 

Engineers 

Scientists 



% Increase Between Numerical Increase Between 

July 1969 and Dec. 3l. 1973 July 1969 and Dec. 31, 1973 

58.0% 6,802 

44.3% 5,130 

41.5% 2 » 3 ** 



TOTALS 



49.3% 



14,276 



At private industry, electric power utilities and educational institutions, the 



greatest growth, both numerically and percentagewise, will occur in the technician 
category. This emphasis on technicians is probably due to three factors: 1) the 



nuclear industry is shifting its orientation from one 
development. In the case of the electric utilities. 



of research to product 
the majority of their on-site 



plant personnel are technicians responsible for the operational aspects of running 
a nuclear power plant; 2) because of the anticipated shortage of engineering 
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EVALUATION OF TOTAL DATA 

specialists in the near future, many organizations are planning to hire a greater 
number of technicians for engineering support functions. This will have the 
effect of spreading their engineering personnel over a larger number of work 
activities and will also release the engineers for more profitable endeavors; and, 

3) technicians command lower salaries than do professional employees. The 
companies would be able, therefore, to reduce their operating costs while improving 

their competitive position. 

A breakdown, by level of degree, of scientists and engineers currently employed 
by private industries, electric power utilities and educational institutions and 
ANS projections for these professional employees in 1970 and 1973 (not including 

mathematicians) is presented in Table 33. This Table shows the breakdown of 

scientists and engineers, by level of degree, for both nuclear degreed scientists 
and engineers and degreed (non-nuclear) scientists and engineers. The percentage 
of nuclear degreed individuals with MS’s will remain the same during this period 
of time. However, the percentage of BS level nuclear degreed scientists and 
engineers will increase by 2.4% between July 1969 and December 31, 1973, while 
PhD's will decrease by 2.4%. For the other degreed (non-nuclear) scientists and 
engineers, those with BS's will increase by 0.7% between July 1969 and December 31, 
19735 those with MS's will decrease by 0,5%; and, those with PhD's will decrease by 
0.2%. These data seem to show a slight decrease, percentagewise, in PhD level 
personnel, while scientists and engineers with BS degrees will increase. The 
percentage of scientists and engineers (non-nuclear) with MS's will remain relatively 

constant during this time period. 

Data presented in this report was obtained through survey questionnaires and 
in-depth interviews. Onl^ three aectors of the nuclear f^ ^ ^v^ ^ the 
study; namely , educational institutions , electric power utilit i e s, and the P rlva t e 
industries active ini the atomic energy field . In addition to these three areas , 
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Table 33 

BREAKDOWN OF NUCLEAR-DEGREE AND DEGREE (NON-NUCLEAR) PERSONNEL CURRENTLY (1969) EMPLOYED AND PLANNED 
FOR IN 1970 AND 1973 BY LEVEL OF DEGREE FOR PRIVATE INDUSTRY, ELECTRIC POWER UTILITIES AND EDUCATIONAL 

INSTITUTIONS — Data do not include Mathematicians. 

(Data include only degree personnel who spend or will spend at least 50% of their working time in atomic energy activities. Data do not 
include requirements for degree personnel by government -owned. contractor-aperated organizations, national laboratories, defense production 
facilities and federal services.) 



CURRENT - 1969 



LEVEL OF DEGREE 


TOTAL NUCLEAR 
DEGREED = 4,020 


% of TOTAL 


TOTAL NON-NUCLEAR 
DEGREED = 12,6/iO 


% of TOTAL 


BS 


678 


16.9% 


8,857 


70.0% 


MS 


ngm 


32.8% 


2,816 | 


22:3% 


PhD 


2, <323 


50.3% 


977 


j 7.7% 



1970 



LEVEL OF DEGREE 


TOTAL -NUCLEAR 
DEGREED = 4,806 


% of TOTAL 


TOTAL NON-NUCLEAR 
DEGREED = 14,821 


% of TOTAL 


BS 


870 


18.1% 


10,456 


70.5% 


MS 


1,576 


32.8% 


3,239 


21.9% 


PhD 


2;360 


49.1% 


1,126 


7.6% 



1973 



LEVEL OF DEGREE 


TOTAL NUCLEAR 
DEGREED =6,138 


% of total 


TOTAL NON-NUCLEAR 
DEGREED' =18,362 


% of total 


BS 


1,189 


19.3% 


12,985 


70.7% 


MS 




2,012 

•• -i - ; .. A.': .; 


S; 32,8% ■ 

. '-'V : ■ ■ 


3,996 


-21.8%. 


PhD 




2,937 


47.9% 


1,381 


7.5% 
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the atomic energy field consists of Commission laboratories, defense production 
facilities, ether COCO organizations, federal services, and other private and 
government-owned organizations, such as uranium mining companies and organizations 
in the construction of nuclear facilities. In an attempt to provide an overall 
view of the future technical manpower situation in the atomic energy field, the 
American Nuclear Society (through the use of historical BLS data, evaluations of 
the growth potentials in the various non surveyed areas of the atomic energy 
field not covered in the study, etc.J) calculated estimates of the total technical 
manpower requirements of the atomic energy field far 1969, 1970, and 1973. These 
estimates are presented in Table 34. The. reader should view 

estimates based on historical employment patterns and evaluations , of futu re .- trend s 
in those areas of the atomic energy, field not covered in the stud y.. The data 
presented in Table 34 for the educational institutions, privately owned establish- 
ments and electric power utilities were taken directly from the results of the 



surveys conducted by the American Nuclear Society. 

Undoubtedly, the estimates of technical manpower requirements at the Commission 

laboratories, defense production facilities, federal services, and all othe 
organizations for 1970 are, in view of the present budget cuts , optimistic. 

However, this portion of the study is based on the belief that by 1973 these, 
organizations will be operating "under normal conditions" and, therefore, the 
ANS expects the estimates for 1973 will be closer to reality than are the 1970 

estimates. 

If one assumes that these estimates of technical manpower will closely approx- 
imate what will happen in the atomic energy field between July 1969 and December 31, 
1973, the overall growth in the employment of scientists, engineers and technicians 
in the atomic energy field between July 1969 and December 31, 1973 will be 30.7%. 
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EVALUATION OF TOTAL DATA 



% Increase Between Numerical Increase Between 

Occupational Categories July 1969 and Dec. 31. 1973 J!uly__1 9 69 and Sec. 31, 1^7.3 





Technicians 


3^-7% 


11,8651 


£ 


Engineer-s 


30-2% 


9,020 


t 


Scientists 


25*0% 


5,197 


? 


TOTALS 


30 . 7% 


26,078 



It must be remembered that the estimates are for scientists;, engineers, and 



y 

>■ 






technicians who will fill new positions. 

Allowances for attrition of scientists, engineers, and technicians employed 
in. the atomic energy field in 1969, 1970, and 1973 are given in Table 35. The 
total number of scientists, engineers, and technicians who comld be needed by 
the atomic energy field between July 1969 and December 31*}. A9^3 to fill new and 
replacement positions are presented in Table 36. Thus, betsaean July 1969 and 
December 31, 1973, the requirements of the atomic energy field for scientists, 
engineers, and technicians to fill new and replacement positions are: 

Replacement 

Positions To tals 



Occupational 

Categories Positions 



Technicians 

Engineers 

Scientists 

TOTALS 



11,863 

9,026 

5.201 

26,090 



20,289 32,152 

12,006 21,032 

8.984 14.185 

41,279 67,369 



One should not construe these data to mean that these 67,369 scientists, engineers. 



and technicians will come into the atomic energy field from some other technological 




field. In fact, through intra-mobility, the majority of the replacement positions 
will be filled by people already working in the atomic energy field. 

The American Nuclear Society estimates that there are over 1,000 organizations 
participating, to various degrees, in the atomic energy field. These 1,000 
organizations Include private companies (about 650 U.S. companies listed in the 
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Engineers (1.6%/yr), Scientists (2.4%/yr), Technicians (5%/yr). 
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NUCLEAR NEWS BUYERS GUIDE: 1970), universities that offer courses and/or degree 

i 

programs in nuclear science and engineering, national laboratories, other GOCO 
organizations and other establishments (i.e* uranium mining companies, federal 
services, etc.). Based on these 1,000 organizations, an average company will 
hire about 15 scientists, engineers and technicians each year to work in its 
atomic energy activities. Five of these hires will be for new positions and 
| 10 for replacement positions . 
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SURVEY remODOUDGY AND PROCEDURE 



IN-DEPTH INTERVIEW METHOD 

The in-hep+h Interview technique wee selected as the survey methodology 
for determining technical manpower requirements of the private industry sector 
of the atomic energy field. The Interview method was selected because it allows 
for qualitative responses not usually obtained through direct mall questionnaires. 
Furthermore, it was felt that questionnaires would create an undue burden on 
industry, and that data obtained from questionnaires may be affected by varia- 
+ Jons in the Interpretation of the questionnaire. 

In this study, the in-depth interview technique used was the "standard- 
ized" or "structured" interview. Because standardized interviews are designed 
to collect the same information from each respondent, the answers of al I 
respondents are comparable and classifiable— that is, they deal with precise- 
ly the same subject matter. In this study, the subject matter is limited to 
technical manpower requirements. The differences or similarities between the 
responses given in the interview reflect the actual differences or similarities 
between respondents and not differences due to the questions asked or the mean- 
Ings attributed to the quest ions • 

The in-depth interview consisted of a schedule of 24 sequential questions, 
developed in advance of the actual interviewing, which were asked of al I 
respondents in exactly the same way and wording. (Refer to APPENDIX B for a 

list of the in-depth interview questions, directions, and occupational defini- 
tions.) Although the In-depth interview was restricted to a series of sequen- 
tially predetermined questions, the interview situation was completely -open- 
end"— the interviewer and respondent were free to enlarge upon the basic questions 

and answers +o further the! r understand! ng. 

In addition to the 24 questions, each respondent was asked, prior to the 
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interview, to have on hand for the interview information concerned exclusively 
with the statistical considerations of his organization’s currently employed 
technical manpower and projections of the company's technical manpower require- 
ments for 1970 and 1973. At the time of the interview, the information was 
reviewed by the interviewer to help familiarize himself with the technical man- 
power requirements of the organization being interviewed. 

In the development of the in-depth interview technique, the ANS project 
manager had numerous discussions with individuals and organizations experienced 
in the use of this technique. Some of the organizations contacted were the 
National Opinion Research Institute, National Science Foundation, Bureau of 
Labor Statistics, and the ANS/ASEE Manpower Steering Committee. 

The questions were developed and reviewed by ANS, AEC and industrial per- 
sonnel. The initial questions were revised as a result of these discussions and, 
after the final set of questions was developed, the ANS project manager con- 
ducted a pretest with organizations active In the atomic energy field. Only a 
few minor changes were made as a result of the pretest experience. 

Due to the economic considerations of conducting in-depth interviews, the 
number of interviews that were to be conducted was limited to a representative 
sample of the private industry sector of the atomic energy field. The sample 
was selected by representatives of the American Nuclear Society and the Division 
of Nuclear Education and Tra ini ng/U.S. Atomic Energy Commission. The sample 
selection was based on two considerations: I) The BLS conducts for the AEC an 
annual survey of employment in the atomic energy field*: by occupation and seg- 
ment and uses, as a convenient method of defining the atomic energy field, a 
number of functional categories. For example, in the private industry sector 
of the atomic energy field, the BLS has identified and defined 14 functional 
segments such as uranium milling, reactor and reactor' component design and 
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manufacturing, nuclear instrument manufacturing, etc. AM organizations 
respond i.ng to the annual BLS survey are categorized into their appropriate 
functional segment(s) as determined by the organization itself. Organiza- 
tions interviewed in the ANS survey were chosen from each of the 14 BLS seg- 
ments. An attempt was made to include small, medium, and large companies in 
the sample for each segment. It was hoped that the sample companies would 
represent at least 50% of the total number of technical employees reported 
in the 1967 BLS "Survey of Esiip I oyment in the Atomic Energy Field by Occupation 

and Segment." 

The actual in-depth interviews were conducted by the senior s+aff members 
of the American Nuclear Society. The procedure followed in scheduling an 
interview was to contact an ANS member at the selected company and request 
that he provide the name of the individual (s) most knowledgeable of his organi- 
zation’s technical manpower. The individual recommended by the ANS member was 
then contacted by telephone, the purpose of the survey was explained and, if the 
organization was willing to participate, a tentative appointment was made for 
conducting the interview. (Only 2 out of the total sample of 70 companies 
declined to participate.) A letter was then sent to the respondent to confirm 
the appointment and a request was made that data on their technical manpower 
requirements be available for the Interview. At no time prior to the interview 
was the respondent made aware of specific questions that would be asked during 
the interview, 

A typical interview lasted about I hour and. In most instances, 2 or more 
individuals from the company part ici pated i n the interview. The majority of 
the interviews were conducted with representatives of the organization's execu- 
tive office, personnel department and, most importantly, with the Heads of the 

research and/or engineering depar+nnen+s. 

The interviews were conducted during the period extending from March through 
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August 1969. A total of 68 organizations were interviewed. 

Projections of the technical manpower requirements of the sample organi- 
zations were extrapolated to cover all of the selected segments of the private 
sector of the atomic energy field included in the survey. For each functional 
segment (i.6., uranium milling), extrapolations were based on a weighed average 
of the percentage of the total technical manpower of the sample companies to 
the total technical manpower reported by the BLS in each functional segment 
for the years 1966, 1967, and 1968. 

ELECTRIC POWER UTILITY SURVEY 

This study was conducted by Dr. A. David Rossin, Argonne National Laboratory 
and Keith L. Voigt, American Nuclear Society under the co-sponsorship of the ANS 
Power Division and the Reactor Operation Division. The purpose of the study was 
to assess the future requirements of the electric utility industry for degreed 
(non-nuclear), nuclear degreed, and nuclear trained (non-degreed) personnel. 

The data were collected through the use of direct mail questionnaires. An 
advisory committee, composed of representatives of the sponsoring ANS Divisions, 
reviewed the progress of the study. 

The prel iminary questionnaire was developed after numerous consultations 
with representatives of the utility industry and the Edison Electric Institute. 
The initial draft questionnaire was reviewed by the ANS advisory committee and 
was then pretested with a number of electric utilities. A few minor changes were 
made as a result of the pretest experience and the final questionnaire, its di- 
rections, and cover letter were mailed to 46 U.S. electric utilities during the 
week of February 3, 1969. (Refer to APPENDIX C for a sample of the questionnaire 
and directions.) Only those electric utilities that had or were planning to have 
nuclear power plants in operation by 1976 were contacted. A follow-up letter 
which requested the company to complete the questionnaire was mailed to the non- 
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respondents on April II, 1969. 

To reduce variations in the interpretation of the questionnaire between 
participating utilities, the directions included the names, addresses and 
telephone numbers of the advisory committee members. The electric utilities 
were urged to contact any of these individuals If they had any questions 
regarding their interpretation of the questionnaire or the procedure for com- 
ple+ing the questionnaire. 

The results were extrapolated to the entire U.S. electric utility manpower 
requirements, based on published information concerning the power ratings and 
time schedules for unreported plants. 

Data given in the section of this report titled "Technical Manpower Require- 
ments of the Electric Utilities" have been updated from the data published by 
Rossin and Voigt to take into account the additional nuclear power plants re- 
cently announced and the cancellation of a previously annouced nuclear power 
plant. 

COLLEGE-UNIVERSITY SURVEY 

The purpose of this study was to determine the future requirements of 
the educational institutions for full and part-time faculty, research and develop 
ment, and nuclear facilities personnel. In addition, the study attempted to 
assess the extent of student enrollments in stipulated nuclear science and 
eng i neer i ng d 5 sc i p I i nes by level of degree for 1969, 1970, and 1973. 

Data were collected through the use of direct mail questionnaires. The 
development of the questionnaire was accomplished through numerous discussions 
with university, professional, and educational association representatives. 

The draft questionnaire was pretested with a number of universities and their 
recommended changes were incorporated in the questionnaire. (Refer to APPENDIX 
D for a sample of the quest iorma i re. ) 
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For purposes of tfre stuay, the survey universe was defined as those schools 
which appeared in the 3966 edition of 1! Educationa I Programs and Facilities in 
Nuclear Science and Engi neeri ng. ,f On December 8, 1967, the questionnaire was 
sent to a total of 269 colleges and universities. A follow-up letter was 
mailed January 24, 1968. 

Because the university survey was to be incorporated in the overall ANS 
survey of technical manpower reqvi rements and, because the other elements of 
the overall survey; namely, the in-depth interview with private industries and 
the electric power utility survey were delayed in their completion, an updated 
survey of the educational institutions was undertaken. The updated survey cover- 
ed a sample of 25 schools which had participated in the first university survey. 
These sample universities were also sent a copy of the questionnaire they had 
completed in the initial survey. They were asked to review their previous esti- 
mates in light of the current situation at their school, and to update their 
estimates if they felt their first estimates were no longer representat i ve. The 
updated survey was conducted during July and August 196°. 

The updated survey data provided by the sample schools were extrapolated to 
the study’s entire educational institution universe to account for changes in 
requirements for faculty, research and development and nuclear facl I ities per- 
sonnel, and nuclear science and engineering student enrollments that had occured 
between December 1967 and July 1969. 

As has been previously stated, the primary purpose of the entire ANS/AEC 
study was to establish a supply/demand ratio for nuclear degreed scientists 
and engineers. However, more than just information on student enrollments was 
necessary to develop a meaningful estimate of the potential supply. To determine 
how many students currently enrol led and planned for enrollment In 1970 and 1973 
would actually be available each year for employment In the U.S. atomic energy 
field, the American Nuclear Society conducted a telephone survey during the week 
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of February 2, 1970.. Eighteen major nuclear science and engineering degree 
granting universities were contacted. 

The telephone survey consisted of the same four questions for each level 
of degree and the data requested was limited to the 1968-69* academic year. 

The questions asked were: 

1. How many students were enrolled in coursework leading to a degree in 
nuclear science or engineering? 

2. How many students were conferred degrees in nuclear science or engineer- 
ing? 

3. How many or what percentage of students who received a degree in nuclear 
science or engineering, enrolled in coursework leading to an advanced 
degree in nuclear science or engineering, or to post-graduate work? 

4. Approximately how many or what percentage of the graduating students 
in nuclear science or engineering were drafted or voluntarily joined 
the military service. 

In order to determine how many MS and PhD graduates in nuclear science or 
engineering were foreign students who would return to their home country or 
to a country other than the U.S., the results of Dr. A. David Rosstn's study 
of "Foreign Student Obtaining MS and PhD Degrees at American Universities (1952- 
1967)" were used. These data were used to establish realistic estimates of 
graduating nuclear science and engineering students who would be available each 
year for employment in the U.S. atomic energy field. 
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APPENDIX B 



NUCLEAR MANPOWER SURVEY 



TITLE 



5urvey of Employment Requirements by the Private Industry and 
Electric Utility Sectors of the Atomic Energy Field for Scientists, 
Engineers, Mathematicians, Technicians, Senior and Reactor Opera- 
tors, and Nuclear Materials Managers Who Spend At Least 50 % of 
Their Working Time in Atomic Energy Activities. 



INTRODUCTION 

In order for the nation’s educational community to prepare it- 
self to meet the future manpower needs of private industry and 
electric utilities active in the atomic energy field, the education- 
al institutions must be provided with authoritative statistical data 
which qualifies and quantifies the demand for nuclear trained 
scientists, engineers, technicians, senior and reactor operators, and 
nuclear materials managers. Such data would help to strengthen cur- 
rent educational endeavors and would also help to support new educa- 
tional endeavors In the field of nuclear science and engineering. 
Furthermore, these data could help to direct government support to 
those areas where the needs are most evident. A final report of the 
survey results could also be utilized by companies and utilities in 
planning their future manpower requirements. 



CONDUCTING ORGANIZATION 

The survey is being conducted by the American Nuclear Society. 



SPONSORING ORGANIZATION 

The survey is sponsored by the Division of Nuclear Education and 
Training/U.S. Atomic Energy Commission. 



PROPRIETARY INFORMATION 

All data and information obtained in the interview will be strictly 
confidential. Statistics of individual companies or utilities will not 
be re I eased . 
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AMERICAN NUCLEAR SOCIETY 
SPECIAL PROJECTS DEPARTMENT 

Nuclear Manpower Survey 

Name and Address of Interviewed Organization 

(A) „ 



(ZIP CODE) 

Telephone Number 

(AREA CODE) 



Name and Address of Organization's Other Subsidiaries 
pate in the Atomic Energy Field: 



and/or Divisions Which 



Also Parti ci- 



(B) 



(C) 



(ZIP CODE) 



(ZIP CODE) 



(D) 



(E) 



(ZIP CODE) 



(ZIP CODE) 



| 

£• 



§ 



.ame of the Respondent(s) : 



Name 

Name ' 

Date of the Interview 

(DAY) (MONTH) 



Title 

Title 



(YEAR) 



Interviewed E', 



(S 



Would you please indicate the segment (s) of the 
its subsidiaries and/or divisions participate 



n 



URANIUM MILLING 



H PRODUCTION OF FEED MATERIALS 

n 'PRODUCTION OF SPECIAL MATERIALS 

FOR USE I N REACTORS 

n FUEL element fabrication and 

RECOVERY ACTIVITIES 
PI REACTOR AND REACTOR COMPONENT 

DESIGN AND MANUFACTURING 
,~1 DESIGN AND ENGINEERING OF NUCLEAR 

FACILITIES 



o 

ERIC 



IGNATURE) 

atomic energy field your organization and 
i n? 



□. 

□- 

□. 

□. 

a 

□. 

□. 



POWER REACTOR OPERATION AND 
MA I NTENANCE 

RADIOACTIVE WASTE DISPOSAL 
NUCLEAR INSTRUMENT MANUFACTURING 
PROCESSING AND PACKAGING RAD 10- 
I SOTOPES 

PARTICLE ACCELERATOR MANUFACTURING 
'PRIVATE RESEARCH LABORATORIES 

'industrial radiography 

^MISCELLANEOUS 
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AMERICAN NUCLEAR SOCIETY 
SPECIAL PROJECTS DEPARTMENT 

Nucl ear Manpower Survey 

Name and Address of Interviewed Utility 



(ZIP CODE) 

Telephone Number 

(AREA CODE) 

Name of Nuclear Plant(s) 

( I ) 



Name 

Type of Reactor (BWR, PWR, etc.) 

Megawatts e 

Start of Construction (Date) 

Operating Personnel on Site (Date) 

Commercial Operation (Date) 

Reactor Manufacturer _____ 

( 3 ) 



Name 

Type of Reactor (EWR, PWR, etc.) 

Megawatts e 

Start of Construction (Date) 

Operating Personnel on Site (Date) 

Commerci a I Opera^ ; on (Date) _____ 

Reactor Manufacturer 

Name of Respondent ( s ) 

Name _____ 

Name ■ 

Date of I nterv i ew - 

(DAY) (MONTH) 

Interviewed By _ _ 



O 




Title 
T i 1 1 *0 



(YEAR) 



(SIGNATURE) 
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INTERVIEW QUESTIONS 



CURRENT EMPLOYMENT 

(include only Those employees who spend a+ least 50^ of their working time in 

your organization's atomic energy activities.) 

Question I — Using the May 1968 employment data reported by you to the U.S. 
Department of Labor, Bureau of Labor Statistics, how many physical scien- 
tists, life scientists, and engineers have received degrees in nuclear 
science or engineering? 

Question 2 — Would you indicate the educational backgrounds of the nuclear 
cjggreed and degreed (non-nuclear) scientists and engineers currently em- 
ployed by your organization? 

Question 3 — Of the total number of nuclear degreed and degreed (non-nuclear) 
scientists and engineers currently employed by your organization, how many 
have PhD's, MS's or BS's? 

Question 4 — What is the first (primary) qualification your company considers 
when hiring scientists, engineers, technicians, senior and reactor opera- 
tors, and nuclear materials managers? 

Question 5 — Does this qual i f ication(s) also prevail when you are hiring a 
scientist or engineer with a nuclear degree? 

Question 6 — In what company activities do the majority of your nuclear de- 
greed scientists and engineers, degreed (non-nuclear) scientists and 
engineers, technicians, senior and reactor operators, and nuclear materials 
managers work? 

Question 7 — Is your company's current staffing needs for nuclear degreed 
scientists and engineers filled? 

Question 8 — During the past 5 years (1963-1968), what degree of success has 

your company experienced in filling its needs for nuclear degreed scientists 
and engineers, degreed (non-nuclear) scientists and engineers, technicians, 
senior and reactor operators, and nuclear materials managers? 

Question 9 — During the past 5 years (1963-1968), has your company increased 
or decreased its need for nuclear degreed scientists and engineers? 

Question 10 - Would you briefly discuss some of the reasons why your company 
hires degreed (non-nuclear) scientists and engineers for positions in your 
company's atomic energy activities. 

Question I I — Does your company believe that the degreed (non-nuclear) scientists 
and engineers would be rrore valuable if they had some coursework in nuclear 
science or technology? 

Question 12 - How does the education received by the nuclear degreed scientists 
and engineers match the responsibilities they have in your organization? 
U.e., How relavant is their educational background in nuclear science or 
engineering In relation to your company's particular technical environment?) 
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INTERVIEW QUESTIONS 



Question 13 - Of the total number of employees currently employed in your com- 
pany's atomic energy activities, approximately how many of these employees 
do not have an academic degree in science or engineering, but through experi 
ence or training are able to assume job responsibilities equivalent to those 
of a degreed scientist or engineer? 



FUTURE EMPLOYMENT 

Question I — What extrinsic and intrinsic factors did you use in making your 
employment estimates for 1970 and 1973? 

Question 2 — Of the factos indicated in question I, which extrinsic and intrin- 
sic factor has proved to be the most reliable (most accurate) measure of 
your company's technical manpower needs? 

Question 3 — Assume that government funds to your company were to decrease by 
10? of their current level in 1970 or 1973. Would your 1970 or 1973 em- 
ployment estimates for nuclear degreed, degreed (non-nuclear) scientists 
and engineers, technicians, senior and reactor operators, and nuclear mater- 
ials managers increase? decrease? or remain unchanged? 

Question 4 — By 1970 or 1973, do you anticipate any change in your company's 
emphasis on hiring degreed (non-nuclear) scientists and engineers with a 
particular educational background as compared to its current hiring practices? 
For example, a greater emphasis on hiring electrical engineers rather than 
the company's current emphasis on hiring mechanical engineers. 

Question 5 — Do you expect the supply of nuclear degreed scientists and engineers 
to be large enough to meet the manpower requirements of your company in 1970 
and 1973. 

Question 6 — What role should a company such as your company play in financing 
and/or developing educational programs to meet this growing need for nuclear 
degreed scientists and engineers? 

Question 7 — Do you expect the growth in your company's area of the nuclear field 
to plateau within the next 10 years or will it continue to grow at the present 
rate? 



EMPLOYEE TRA IN I NG PROGRAMS 

Question I — Does your company require its employees to take additional nuclear 
science or technology courses beyond thetr formal education? 

Question 2 — Are these additional courses and/or training programs in nuclear 
science or technology conducted: a. through an "in-house" training program? 
b. in association with a college or university? c. in association with a tech- 
nical school , trade schiiol , etc.? d. by a vendor? e. in association with a 
consulting organization? or, f. other source? (specify). 

Question 3 — Would you Indicate the various types of courses in nuclear science 
and technology currently being taken by your employees or that your company 
would like them to take? 
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INTERVIEW QUESTIONS 



UNIVERSITY & COLLEGE TRAINING PROGRAMS 



Question I — In your opinion, are there any specialties for which particular 
courses or graduate study or curricula are not offered in nuclear science 
and engineering, but for which your company feels training should be offered. 



ATTACHMENT I 

Occupational Definitions 



PHYSICAL SCIENTISTS — Count as physical scientists ail chemists, physicists, metallur- 
gists, geologists, geophysicists, and other physical and earth scientists who are 
actual ly engaged in scientific work at a level which requir" a knowledge of the physi 
cal sciences equivalent to that acquired through completion " a 4-year college course 
with a major in one of the physical science fields, regardless of whether they hold a 
college degree. Include all physical scientists engaged in research and development, 
production management, technical service, sales, and other positions which require 
them to use the indicated level of knowledge in their work. Exc I ude persons trained 
in the physical sciences but currently employed in positions not requiring the use of 
such training. 

LIFE SCIENTISTS -- Count as life scientists all health physicists (see definition below) 
medical scientists, agricultural scientists, b i o I og i ca i scientists, and other life 
scientists who are actually engaged in scientific work at a level which requires a 
knowledge of the life sciences equivalent to that acquired through completion of a 4- 
year college course with a major in one of the life science fields, regardless of 
whether they hold a col lege degree. Include all life scientists engaged in research 
and development, production, management, technical service, sales, and other positions 
which require them to use the indicated level of knowledge in their work. Exc I ude 
persons trained in the life science but currently employed in positions not requiring 
the use of such training. 



ENGINEERS -- Count as engineers all persons actually engaged in engineering work at a 
level which requires knowledge of engineering equivalent at least to that acquired 
through completion of a 4-year college course with a major In one of these fields, re- 
gardless of whether they hold a college degree. Include all engineers in research 
and development, production, management, technical service, sales, and other positions 
which require them to use the indicated level of knowledge in their work. Exc I ude 
persons trained in engineering but currently employed in positions not requiring the 
use of such training. Include architectural engineers. Exclude architects and 
nuclear reactor operators. 

MATHEMATICIANS — Count as mathematicians only those persons whose position require a 
knowledge of mathematics, equivalent at least to that acquired through a 4-year college 
course with a major in mathematics and who spend the greatest proportion of their time 
in development or application of mathematical techniques, regardless of whether they 
hold a college degree. Include all mathematicians in research and development, pro- 
duction, management, technical service, sales, and other positions which require them 
to use the indicated level of knowledge in their work. Include actuaries, statisti- 
cians, and computer programmers only if they specialize i n mathemat ica I techniques. 
Exclude accountants. 
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TECHNICIANS -- Count as technicians a! I persons actually engaged in technical work at a 
level which requires knowledge of engineering, mathematical, and physical and life 
sciences, comparable to that acquired either through study at technical institutes, 
junior colleges, or other formal post-high school training I ess extensive than a 4- 
year college course , or through equivalent on-the-job training or experience. Some 
typical job titles are draftsmen, electrical and electronics technicians, engineering 
technicians, hea I th phys i cs technicians and radiation monitors, life science techni- 
cians, etc. All persons in pos i "hi ons "wh i ch require the indicated level of knowledge 
should be counted, regardless of job title or department in which employed. Computer 
programmers who meet the above definition of technicians should be reported as "Other 
Technicians." Exclude nuclear reactor operators and all craftsmen such as machinists 
and electricians. 



Occupational Definitions (Con’t.) 



NUCLEAR REACTOR OPERATORS — Count as nuclear reactor operators all persons who spend 
the greatest proportion of their time either in (a) the actual manipulation of the 
controls of a nuclear reactor, or (b) directing others in the manipulation of such 
controls.- Under AEC licensing regulations, the former are referred to as "operators" 
and the latter as "senior operators." Exc I ude persons who spend the greatest propor- 
tion of their time as nuclear reactor engineers or in performing other functions of a 
professional, scientific or engineering nature. 

HEALTH PHYSICISTS — Count as health physicists all persons who meet the general re- 
quirements for "Life Scientists or Engineers" and who are concerned with programs to 
protect plant and laboratory personnel from radiation hazards; develop inspection 
standards, radiation exposure limits, and decontamination procedures; conduct tests 
to insure that radiation is not in excess of permissible limits; and design or modify 
such health physics equipment as detectors and counters to improve radiation protection. 
I nc I ude a I I hea I th phys i ci sts i n the category titled " Life Sci enti sts . " 

NUCLEAR MATERIALS MANAGER — Count as nuclear materials managers those persons who are 
concerned with the effective use of methods, procedures, and techniques for recording, 
reporting, analyzing, evaluating, adjusting, and regulating nuc I ear materi a I s inven- 
tories to assure maximum efficiency and economy consistent with estab I ished national 
and corporate policies and goals. More specifically, nuclear materials management^ 
includes acquisition, use and disposal of materials so as to effect maximum economies 
in materials utilization and to minimize consumption and losses; development and 
maintenance of records, measuremenl and physical inventory procedures to provide 
quantity d' '-a for cost and financial control, production control, and health and safe- 
ty; esta .hment of internal controls to guard against carelessness, theft and mis- 
app rop r i at i on and to ass u re comp ! i a nee with manager i a I po I i cy ; dete rm i nat i on of econo- 
mic inventory levels and reorder quantities consistent with program requirements; and, 
determination of the economies of current recovery of s>crap vis-a-vis storage for fu- 
ture recovery or discard. 
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